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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Mckes any warranty or fepresentation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or . .

' B. Assumes any lisbilities with respect to the use of, or for domages resulting from the use of
any informetion, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission'’ includes any employee or

contractor of the Commission; or employee of such contractor, to the extant that such employee

or contractor of the Commission, or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment or contract with the Commission,
or his employment with such contractor.
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ABSTRACT

High-Ievel-Waste Calcination. Two rising-level glass-making tests

were made in the vertical 8-in.-diam calciner, using TBP-25 waste to which
monosodium phosphate and lead nitrate were added to form the glass mix.
The average feed rate was about 5 to 6 liters/hr. Accumlation of dust
in the off-gas line required frequent flushing with nitric acid to prevent
plugging,

A scouting test for continuous glass making in a horizontal vessel
(8 in. in diameter and 40 in. long) heated with a 25-kw furnace was suc-
cessful. The aqueous waste solution containing phosphate and lead was
evaporated on the surface of a shallow pool of molten glass that flowed
continuously from the vessel through a jack leg to maintain a fixed pool
depth, The maximm feed rate was 20 liters/hr.

High-Ievel-Waste Disposal - Vapor-liquid equilibria and solution
densities of FTW-65 waste solutions were determined for concentrations
up to 9 times normal concentration. Ceramic solids for fixation of this
waste type were developed; they melted in the range 700 to 800°C and lost
5% or less of their sulfate when heated 100°C above their melting temper-
atures. The one chosen for demonstration of semi-engineering scale, semi-
continuous fixation was satisfactorily stable with respect to sulfate loss
and was noncorrosive under the usual fixation conditions but produced a
large amount of dust high in iron which tended to plug the off-gas line.
Sparging with nitrogen during fixation resulted in loss of about 23% of
the sulfate and in catastrophic container corrosion.

A series of solid products were made from fixation of non-sulfate
Purex waste. Some of these melted as low as 500 to 6OOOC. Two of the
series were glasses.,

Calcination of sulfate-deficient Purex waste (essentially NaNO3 with
minor amounts of SOhe- and Fe3+) was shown to be practical on addition of
aluminum. In the absence of any additive there was gross displacement of
solids from the fixation container and volatilization of both Na© and
50,

A column packed with copper shot removed 99.&% of the mercury from
510 bed volumes of FTW-65 (low acid) waste solution. A column packed with
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aluminum turnings removed 99% of the mercury and 30 to 35% of the ruthe-
nivm from 162 bed volumes of FTW-65 waste concentrated by a factor of 3.
Both copper and aluminum were attacked too rapidly by Purex 1WW waste to
be effective in removing mercury from this (high acid) waste.

Type 30LL stainless steel corroded at rates = 0.3 mil/month in FTW-65
evaporator environments both in the presence and absence of expected addi-
tives; corrosion rates of titanium were negligible. Coupling the two
metals had no appreciable effect on the corrosion of either. Tests on
304L stainless steel during calcination and fixation (melt—down) cycles
for FTW-65 wastes resulted in total penetrations of about 10 and 15.3
mils/month, respectively. Maximum rates for 304L stainless steel in salt
(simulating waste storage) at %00°C were about 0.03 to 0.0k mil/month.

Low-Ievel Waste Treatment: Scavenging-Precipitation - Ion Exchange.

Pilot plant equipment and piping changes were completed. When the weak-
acid strong-acid fixed-bed ion exchange system was operated for a week
with waste from the ORNL equilization basin as feed, algae passed through
the anthracite filter and the ion exchange beds. Further tests in the
system were stopped pending completion of radiochemical analysis of stream
samples. Tests with tap water feed were started in the modified scaveng-
ing-precipitation equipment.

In the laboratory-scale tests, cesium eluted from the cation exchange
column with nitric acid in the Scavenging-Precipitation Ton-Exchange proc-
€ss was sorbed on grundite clay and the slurry recycled to the process
feed stream, thus eliminating the need for an evaporation step. The opti-
mm pH range for sorption of cesium on grundite was quite narrow, about
11.8. Sorption is essentially independent of the particle size of the
grundite over the range from about 50 mesh to < 200. Addition of grundite
prior to pH adjustment favors higher sorption. An alumina column removed
about half the phosphate from 10,000 bed volumes of raw ORNL waste. Addi-
tion of a column of Dowex 21-K anion exchange resin following the Scaveng-
ing-Precipitation Ion-Exchange process resulted in removal of about half
of the gross activity but was ineffective in removing all the ruthenium.

Foam Separation: ILaboratory Development - The foam separation process

to remove cesium, strontium, and other radioactive nuclides from low-radio-

activity-level process waste water consists in a scavenging precipitation



by caustic-carbonate followed by countercurrent foam separation. By mak-
ing the waste 5 to 10 ppm in Fe3+, a coagulant, before adding caustic-car-
bonate, the deleterious effects of high concentrations (5 to 15 ppm) of
phosphates in the water on the extent of precipitation of calecium carbon-
ate are greatly reduced, provided that these high concentrations are only
of a few hours! duration. Removal of cesium in the precipitation chamber
(sludge column) by sorption on grundite clay (at approximately 0.5 1b/1000
gal water) is increased (from a DF of 8 to a DF of 15) if the clay is first
baked at 600°C for 20 min. Operating conditions of the foam column, in-
cluding concentrations of surfactant in inlet and exit streams, were deter-
mined with sodium dodecylbenzene sulfonate as surfactant for linear foam
flow rates of 32 to 46 cm/min and at gas-to-liquid flow-rate ratios of
about 10. Cesium removal in the foam column was poor when either dodecyl-
benzene sulfonate or any of three surfactants (RWA-100, dichlorophene, and
hexachlorophene) containing an active phenolic group were used.

Foam Separation: Engineering Development - Experimental results show

that foams are easily condensed while passing through an orifice with
upstream/dovnstream pressure ratios of two or greater. The 0.015-, 0.100-,
and 0,250-cm-diam orifices all gave residual foam volumes of about 0.001
the inlet volumes for foams of 0.05 to 0.08 cm mean diameters. As compared
to impingement on a Teflon sheet 2 to 3 in, from the orifice, the amount of
uncondensed foam was slightly decreased by placing the sheet 24 in, from
the orifice, and it was slightly increased by use of a glass wall in place
of the Teflon sheet. The 2h4-in,-diam foam column (the proposed LLW pilot
plant colwumn diameter) was operated at flows up to 80 liters/min of foam
and 13 liters/min of liquid. The amount of channeling appeared acceptable
when an improved liquid feed distributor was used., From foam-stability
tests, it appears that the low-level-waste column should have a stable

foam with 25 ppm DBS in the liquid. A proposed design and equipment flow
sheet for the Foam Pilot Plant is presented.

Engineering, Economics, and Safety Evaluation. Costs of permsnent

storage of calcined radioactive wastes in concrete vaults and in rooms
mined out of granite formations were estimated. In comparison with pre-
viously estimated costs of storage in salt mines, costs of storage in con-

crete vaults were five to seven times as much, and costs of storage in
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granite were about twice as much. This economic advantage, as well as
the greater safety it is believed to offer, makes salt the preferred
choice,

Vaults for the storage of calcined solid wastes would be similar in
their gross features to many of the concrete secondary containments used
for tanks built for storage of liquid radioactive wastes, in that they
would be underground structures of reinforced concrete with about 10 ft
of earth cover and a floor-to-ceiling height of about 15 ft. For maximum
safety, they would be sealed completely from the surface; space require-
ments were calculated by assuming dissipation of the heat of radiocactive
decay by conduction through the earth cover. Two types of concrete were
considered: ordinary concrete, capable of withstanding 400 to SOOOF, and
"high-temperature concrete,” capable of withstanding 1000°F.

Space requirements for the storage of calcined wastes in rooms in
granite formations are about the same as those for storage in salt forma-
tions. However, excavating costs are higher for granite because heavier
equipment is required, drilling is more difficult and slower, and costs
of explosives are higher.

Estimations were made of the movement of Sr9o, RulO6, and 05157 in
Conasauga shale following a hypothetical release of reactor fuel-processing
waste from a tank. Computations were based on hydrologic and exchange
characteristics of the local formation that had been obtained previously.
Although the absolute values for radionuclide movement that have been cal-
culated and presented should not be considered to be precise, since the
estimates were based on a rather inadequate description of the site, the
procedure used in making these calculations could be applied for any pro-
posed site. The reliability of the estimates could be improved by improv-
ing the quantitative description of the geological formation involved.

90

In Conasauga shale, Sr” would apparently move quite rapidly in an

acid waste system, even upon neutralization of the acid by calcite (CaCO

90 2

in the formation. Movement of Sr in an alkaline waste solution would
be much slower due to the formation of insoluble compounds, in addition
to holdup due to ion exchange. Ruthenium-106 would be expected to move
rgpidly in either acid or neutralized waste systems, but it presents little

long-term hazard due to its relatively short half-life. The movement of



08137 would be expected to be slow because of its fixation by the illite
of the Conasauga shale (ion exchange).

Disposal in Deep Wells. Detailed logging of wells 1 and 2, before
and after the casings were installed, showed that (1) the dip of the beds

between the wells is unexpectedly low, (2) that there are zones of sheared
or broken rock in the approximately 50 ft of shale immediately above the
Rome sandstone, and (3) that there may be a few faults filled with tight
clay gouge up to as high as 860 ft in the red shale into which waste mix-
tures are to be injected.

Four water injections, with and without fluid-loss additives, were
made into slots in the injection well (well 1) at 986 ft and 966 ft, re-
spectively. Although the recovery from the last injection is still con-
tinuing, there appears to be sufficient similarity between the injections,
with and without fluid-loss additives, to suggest that there is little
incentive to use such additives in setting or nonsetting mixes, The re-
sults obtained from the slotting operations that were performed for the
water injection tests indicate that the well casing was not completely
severed by ‘the normal operating technique. Some modification of this
method will be necessary.

The main emphasis on mix development during this period was on cheap
mixes that, although not as strong as previously developed mixes, would be
pumpable, would set, and would have no phase separation. The mineral
attapulgite 150 is far superior to bentonite as a suspending agent for
solutions with a high ionic content. Several retarders have been investi-
gated and glucono-d-lactone (CFR-1) seems particularly effective. The
density of these " ow solids" mixes is greatly affected by entrained air.
This phenomenon is of concern because, during an injection, the relative
amounts of solids and liquids fed to the mixer will be controlled by the
density of the slurry. Some means of eliminating air entrainment must be
found.

A hazards analysis of the fracturing experiments was completed. It
was concluded that the waste solution to be used in the first series of
injections will be so low in specific activity that no significant hazard
would result from its use. The other principal hazard involved in the

experiments - that of working with high-pressure equipment - has been




minimized where possible by installing the pumping and mixing equipment
in cells.

The experimental program for the first series of injections will con-
sist of four injections, each of 40,000 gal.

1. An injection of a synthetic concentrated waste solution mixed
with attapulgite to form a nonsetting slurry.

2. An injection of the same synthetic waste solution mixed with a
cheap setting mix.

3. An injection of actual waste solution mixed with additional chem-
icals to increase the concentration to the same value as that in injections
1 and 2, This will be mixed with sufficient cement to form a strong set-
ting mix.

4, An injection of actual waste solution mixed with a strong setting

An estimate of the probable operating cost of the shale fracturing
plant shows that the cost of the mix and the well life are the significant
variables, The well life can be significantly extended by making the batch
size large., For this reason it seems probable that the direction of future
work will be toward larger batch sizes than it is currently planned to
inject.

Construction is proceeding on phase 2 of the surface plant. The bulk
storage tanks have been erected; the majority of underground lines have
been installed; and foundations for the cells have been poured.

Disposal in Natural Salt Formations. Operation of the heated model

room continues, and the closure rates are now less than ten times higher
than the closure rates before heating. At this time it is not known if
the closure rate during heating will remain above the ambient temperature
rate, approach it asymptotically, or fall below it.

Design and construction of the Lyons demonstration experiment con-
tinues. A contract was let to replace the headframe, foundations, and
cages to allow lowering of T7-ton loads into the mine., New power cable
and hoisting cables were delivered to the Lyons site., A critical path
schedule of the over-all experiment was prepared as an aid to expediting
and scheduling all phases of the experiment. A contract was let for the

fabrication of the trailer for the waste disposal transporter. The prime



mover (Caterpillar model 619C) for this unit was purchased. Design of
other experimental components is underway.

Tentative conclusions on the radiolytic production of chlorine from
irradiated rock salt indicate that the amount of oxidizing power created
within the salt is independent of the size and surface area of the crystals
per unit weight, but the oxidizing power can be increased by stresses and
strains in the salt.

Clinch River Studies. The expected summer pulsed releases of water
from Melton Hill Dam were simulated by flow through the gates during August

1963. The purpose of the experiment was to determine the dilution in the
Clinch River under the changed flow regime. Rhodamine B dye was used to
simulate radioactive releases. The minimum dilution was 50, in comparison
with the previous median dilution of 570.

Cores taken from the bottom sediments of the Clinch River in 1962
were analyzed and showed that the major portion of the contaminated sedi-
ments has been deposited on the sides of the original stream channel.

Desorption of the nuclides from bottom sediments showed that acidified
water is more effective in removing Sr9o from the sediments than highly
salted solutions.

Analyses of fish taken from the Clinch River show that a maximum of
2.5% of the maximum permissible intake (MPT) will be received from eating
37 1b of fish per year from Tast Tennessee rivers. Radiation levels near
filter beds in water plants upstream and downstream of the point of entry
of White Oak Creek into the Clinch River are at background.

Fundamental Studies of Minerals. Cesium was desorbed from six repre-

157

sentative clay minerals containing trace levels of Cs . The cesium on

both kaolinite and montmorillonite was completely desorbed by 1 M sodium
acetate after contact for 1 hr. When 1 M HNO3 was used, the hydrobiotite
and biotite released all their cesium; both illite and muscovite retained
75% and 85% of the cesium even after 2l hr of contact with the nitric acid.
Since acids decompose the clay minerals, the difference in release by the
minerals reflects the ease of their decomposition.
Three possible types of cesium sorption response are illustrated by

the vermiculite, depending on the original cation on the exchanger. With

increasing cesium concentration, the Kd for cesium can increase due to




collapse induced by the cesium replacing the magnesium ion, can decrease
if the vermiculite is presaturated with potassium ion, which precollapse
the layers, or can remain relatively constant if the cesium isotopically
exchanges with other cesium ions., One of these three types of responses
described responses observed by the other clay minerals, including mont-
morillonite, kaolinite, and illite.

White Oak Creek Basin Study. A series of preliminary core samples

were teken in and around two of the earlier "open" type of intermediate-
level waste seepage pits that were recently abandoned and filled. Radio-
chemical analyses of segmented sections of these cores indicate that most
of the activity is associated with the sludges and precipitates that have
accumulated in the pits and on the first few inches of weathered shale
that comprises the side walls and bottoms of the pits. On a dry-weight
137 90

basis, concentrations of Cs and Sr”~ were observed to be as high as
96 uc/g and 17 uc/g, respectively, in the sludge, and 3 uc/g and 0.2 uc/g
in the weathered shale on the side walls and bottoms of the pits. The

sludge in the pits was also quite variable in thickness and distribution.
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1. INTRODUCTION

This report is the twelveth of a series¥* of reports on progress in
the ORNI, development program, the objective of which is to develop and
demonstrate on a pilot plant scale integrated processes for treatment and
ultimate disposal of radioactive wastes resulting from reactor operations
and reactor fuel processing in the forthcoming nuclear power industry.
The wastes include those of high, intermediate, and low levels of radio-
activity in liquid, solid, or gaseous states.

Principal current emphasis is on high- and low-activity liquid wastes.
Under the integrated plan, low-activity wastes, consisting of very dilute
salt solutions, such as cooling water and canal water, would be treated by
scavenging and ion exchange processes Or foam separation to remove radio-
active constituents and the water would be discharged to the environment.
The retained waste solids or slurries would be combined with the high-
activity wastes. Alternatively, the retained solids or the untreated
waste could be discharged to the environment in deep geologic formations.
The high-activity wastes would be stored at their sites of origin for
economic periods to allow for radiocactive decay and artificial cooling.

Methods being investigated for permanent disposal of high-activity
wastes include conversion of the waste liquids to solids by high-tempera-
ture "pot" calecination or fixation in the final storage container (pot)
and formation of a glass or ceramic in a continuous melter. The solids
would be stored in a permanently dry place such as a salt mine. This is
undoubtedly the safest method because complete control of radioactivity
can be ensured within present technology during treatment, shipping, and
storage. Another approach.is the disposal of the liquid directly into
sealed or vented salt cavities. Research and development work is planned
to determine the relative feasibility, safety, and economics of these
methods, although the major effort will be placed on conversion to and

final storage as solids.

*ORNIL-CF-61-T-3, ORNL-TM-15, ORNL-TM-L49, ORNL-TM-133, ORNL-TM-169,
ORNI-TM-252, ORNI-TM-376, ORNI-TM-396, ORNL-TM-482, ORNL-TM-516, and ORNL-
TM-60%; see also annual reports for 1962-1963, ORNL-3492 and ORNI~3452,
from the Health Physics and Chemical Technology Divisions, respectively,
for more extensive discussion of progress during May through July 1963.
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Tank storage or high-temperature calcination of intermediate-activity
wastes may be unattractive because of their large volumes, and other dis-
posal methods will be studied. One method, for example, the addition of
solidifying agents prior to direct disposal into impermeable shale by hy-
drofracturing, is under investigation. Particular attention is being
given to the engineering design and construction of an experimental frac-
turing plant to dispose of ORNL intermediaste-activity wastes by this method
if proved workable.

Environmental research on the Clinch River, motivated by the need for
safe and realistic permissible limits of waste releases, is included in
this program. The objective is to obtain a detailed characterization of
fission product distribution, transport, and accumulation in the physical,

chemical, and biological segments of the environment.
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2, HIGH-IEVEIL-WASTE CALCINATION

The pot-calcination process for converting high-activity-level wastes
to solids is being studied on both a laboratory and engineering scale to
provide design information for the construction of a pilot plent. Devel-
opment work has been with synthetic Purex, Darex, and TBP-25 wastes. The
first phase of the program is concerned with direct calcination processes
vhere melting does not occur and little or no additives are combined with
the wastes. In the second phase, enough additives are used to induce
melting to form a glass-like material in which the fission products are
fixed, Development of the "pot" calcination process is complete, with the
exception of demonstrations in a 16-in.-diam pot, scheduled for 1964. Cur-
rent emphasis is on the development of glasses that have low melting points,
low solubilities, and low corrosivities; and the development of an engineer-
ing technique to convert the wastes to glasses. The methods being studied

are: (1) rising level in a disposable pot and (2) a continuous melter.

2.1 Engineering Development

J. C. Suddath C. W. Hancher

Two rising-level glass tests, R-79-80 and R-81, were successfully
completed. Simulated TBP-25 waste was used, to which monosodium phosphate
(Q.M) and lead nitrate (O.ZSIE) were added. The resulting solution had a
density of 1.4 g/cc and could not be further concentrated in the evapora-
tor. In fact, for the greater part of the tests it was diluted to a den-
sity of about 1.3 g/cc in the evaporator before feeding to the calciner.
During both tests, a dusting problem occurred in the main off-gas line,
restricting the flow. Plugging was prevented by flushing the line with
water and 6 M HNO3
rate for test R-79-80 was about 6 liters/hr, and for test R-81 about

acid at fairly frequent intervals. The average feed

5 liters/hr. The resulting solid had a glassy appearance, a density of

about 2.2 g/cc, and a residual nitrate composition of about LOO ppm.
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Calcined Glass "Product" (Wt %)

Feed

(M) Run R-79-80 Run R-81
Al 1.7 15.1 15.6
Na 2.1 13.6 13.9
Pb 0.25 6.7 ---
NO, 6.5 0.05 0.037
PO, 2.0 55.5 56.3
Density, g/cc 1.4 --- 2.2k

2.1.1 Rising-level Operating Conditions and Results

The purpose of the two rising-level TBP-25 glass tests was to try to
establish the maximum rate. A control limit for the operation was that
not over 1 ft of liquid was to be present in the calciner at any one time.
The feed composition for the two tests was 1.3 M HNO3’ 1.7 M Al(N03)3’ 0.1

M NaNO3’ 0.003 M FeNO3. The TBP-25 glass mix consists of TBP-25 waste to
which 2-g moles of monosodium phosphate (NaH2 Poh) and 0.25 M Pb(N03)2

had been added per liter of original feed. The resulting glass mix has
the following composition: mnitrate, 6.M; aluminum, 1.7 M; sodium, 2.1 M;
phosphate, 2 M; lead, 0.25 M. This feed at room temperature has a density
of 1.43 g/cc and is thick and viscous. The procedure for evaporator oper-
ation in this test was similar to that for previous calcination tests.

The glass mix was fed to the evaporator in the normal fashion. However,
in this case it was diluted in the evaporator to about 1.35 g/cc density
rather than being concentrated.

The diluted feed was fed to the calciner at a constant rate. During
the first part of the test (R-79) the feed rate to the calciner was about
10 to 12 liters/hr. The rate was maintained at a level so that, as the
glass formed, only two thermocouples (about 13 in. apart) would be covered
with either aqueous liquid or calcined solids, After 13 hr of operation,
the off-gas line was so severely plugged that the secondary off-gas line
relieved the system to atmospheric pressure. The run was temporarily shut
down, and the off-gas line was cleaned. At this time, 132 liters of feed
had been fed to the system (Table 1). Also, 195 liters of water had been
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added to the evaporator to steam strip the nitrie acid so that the evap-
orator nitrate composition would be constant at about 6.M. While the
off-gas line was being cleaned, the calciner pot was probed, and it was
determined that there was about 9 in. of solid, thought to be glass, in
the bottom of the caleciner vessel,

When the off-gas line had been cleaned, the second filling of the
calciner pot was started. The average feed rate for this portion of the
test was between 6 and 7 liters/hr (358 liters in 55 hr) (Table 2). The
combined over-all average feed rate for the test was T3 liters/hr (490
liters in 67 hr). During the second phase of the test, 1100 liters of
water was added to remove the nitrate from the evaporator. The over-all
water-to-feed ratio for this test was 2.9. During the test, the off-gas
line started to plug six to eight times. The restrictions were removed
by back-flushing the off-gas line with nitric acid. However, when the
off-gas line was removed at the end of the test, it contained a brown,
calcined substance that appeared to be calcined foam. The material bal-
ance for test R-79-80 was good except for the nitrate balance, which was
only 62%. The nitrate in the evaporator condensate was unexplainably
low (Table 3).

Table 3., Material Balance for Tests R-79-80

Tonic Constituents (g)

No5 Al Na PO,
Feed (490 liters) 185,220 19,012 22,83k 79,380
Evaporator (25 liters) 10,025 1,105 1,117 4,400
Evaporator condensate (1405 liters) 105,675 -—- —— -
Solids (129 kg) 6k 19,350 17,544 71,543
Total 115,700 20,455 18,661 75,943
Percent of balance 62.5 107.6 81.7 95.7

The resulting glassy solid had the following weight percent composi-
tions: nitrate, 0.05; aluminum, 15.1; sodium, 13.6; phosphate, 55.5; and
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lead, 6.7. The glass (Fig. l) had a number of areas that were nonhomoge-
neous. The bottom area contained a large number of lead globules. Other
areas had nonmelted, calcined solids inclusions (white portion of Fig. 2).
About 90% of the solid was a very hard, green-colored glassy substance.

After the solid had been removed from the calcined pot, the pot was
sand blasted and examined, The initial wall thickness was 350 mils.
Figure 3 shows one of the highly pitted areas. Some pits are 150 mils
deep. The bottom 2 ft of the thermocouple well and thermocouples were
completely disintegrated.

The feed for test R-81 was the standard TBP-25 feed made 2 M NaHgPOh
and 0.25 M in 1310(1\103)2
two liters were fed to the system and diluted to 819 liters of feed for

in order to form a glass mix, Four-hundred-eighty-

the calciner (Table L4). This feed was also diluted in the evaporator for
operational ease in pumping into the calciner. Again, water (2455 liters)
was added to the system during the course of the run to steam strip the
nitric acid from the evaporator.

The operating limit for this test was that only one zone in the fur-
nace (1 ft) could be filled with aqueous feed at one time. Therefore, the
feed rate to the calciner had to be maintained at about 10 liters/hr. As
the melt zones neared the top of the furnace, the rate was decreased.

The material balances for this test (Table 5) were satisfactory. The
low nitrate balance (76.5%) and the high aluminum balance (120%) appar-
ently represent errors in analysis bzcause the sodium and phosphate bal-
ances, 97.9 and 97.1%, respectively, indicate that the sampling and
measurement of volume was fairly accurate. The loss of sodium phosphate
and aluminum from the calciner system was about 2.5%, probably due to en-
trainment (dusting).

The final glass had a residual nitrate content of 370 ppm and was
fairly homogeneous in appearance but had areas of included calcined solid

and metallic lead. The bulk density of the glass was 2.2L g/cec.

2.,1,2 Continuous-Melter Tests

Tnitisl tests on a horizontal continuous melting system were suc-
cessful. The purpose of a continuocus melt system for the fixation of

high-level waste is to convert the waste to a molten glass that can flow
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Fig. 3. TInside of Melting Pot, Showing Corrosion Pitting. The
ice was sand blasted.
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to and solidify in the final storage vessel without an intermediate cal-
cination step. The aqueous waste solution was fed directly into a vessel
that had an inventory of molten glass and enough heating capacity to evap-
orate water, decompose nitrate, and melt the residue., The outstanding
advantage of this process is that it is a one-step continuous operation

from liquid waste to the final pot receiver. A horizontal melting vessel

Table 5. Test R-81: Material Balance

Tonic Constituents (g)

NO3 Al Na POu
Feed (482 liters) 181,71k 18,123 19,762 80,976
Evap. holdup 9,875 Th2 720 3,150
Evap. condensate 129,150 11k 3 29
Solids 53 20,90k 18,626 75,442
Total 139,078 21,760 19,349 78,621
Percent of balance 6.5 120 97.9 97.1
Caleciner condensate (819 236,691 597 LWET 2,154

liters)
130% 2. 7% 2. 4% 2. 7%

(8 in, in diameter and 40 in. long) has been tested with simulated TBP-25
waste at rates up to 20 liters/hr. The melt vessel is heated by a re-
sistance furnace that has four temperature-controlled zones and a total
power of 25 kw. The molten glass product is withdrawn through a freeze-
trap valve (Fig. k).

Melt Vessel.-- The melt vessel is constructed of 3041, stainless steel
(350 mils thick). The melt vessel is 4O-in. long, with a 36-in, feeding
zone. A baffle 4 in. from one end extends 2 in. under the normal melt
level acting as a skimmer to remove floating solids and allowing only
melt to enter into the overflow line., Along the bottom of the melt ves-
sel are five 1/L4-in.-diam stainless steel lines placed at equal intervals
so that nitrogen can be used for sparging the melting glass; however, very

1ittle use has been made of these sparging lines.
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Feeding System.,-- Four water cooled feed lines (Fig. 5) were located

at equal intervals along the top of the 36-in. feeding zone. The feed
lines are equipped for water flushing to calibrate flow rates and to re-
move all traces of feed from these lines at the termination of a feeding
period. The feed is pumped from the feed hold tank with a Sigma motor
pump at a rate governed by visual observation. Rates up to 20 1iters/hr
were acceptable during the initial start-up of the system. However, once
the melt pot got a layer of deposited solids on the wall, the maximum feed
rate dropped to about 10 liters/hr. The feed rate is governed by watch-
ing the amount of solids building up in the Vessel,~the rate being adjusted
so that the solids do not build up to the feed inlet nozzles.

Off-Gas.-- The off-gas is removed through a 2-in,-diam line (Fig. 6)
which is also equipped with a Pyrex view port for viewing the feed nozzles
and the solids in the melt zone. The vapor flows through the off-gas line
and then down through a 22-ft2 heat exchanger into a liquid-gas separator,
where the volumes of noncondensable off-gas and condensate are measured.
At high feed rates, solids collecting in the off-gas line must be removed
periodically by washing. These solids would be recirculated to the evap-
orator and returned with the feed to the melt pot in an actual plant
operation.

Melt Removal.-- The molten glass exits from the rear section of the

melt pot (after the calcined solids have been skimmed) through a B/h—in.

line flowing to a baffled freeze trap (Fig. 7). The volume of the freeze
trap is 250 ml. The freeze trap is located inside the resistance furnace.
Consequently, to freeze the contents, it must be cooled below the melting
temperature of the molten glass (700 to 800°C). Cooling is attained by
flowing either air or steam through the exterior cooling coils. Cooling
usually takes from 10 to 15 min.,

The freeze-trap discharge line is a B/M-in. stainless steel line,
autoresistance heated. This 13-in.-long line is heated easily to 8OOOC
by using 4 to 6 v and about 400 amp of current. The melt discharged from
this line in an actual plant would go to a permanent storage vessel (pot).
This pot should be contained in a furnace so that the melt could be slowly
cooled and ammealed to prevent stresses caused by quick cooling. However,
in this scouting experiment the glass is allowed to flow through into a

stainless steel tray.
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Fig. 6. Off-Gas Removal System.
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2.1.3 Results

TBP-25 waste with additives of 2 moles of dibasic sodium phosphate
per liter plus either lead nitrate or sodium borate (quarter mole of lead
or boron) was the melt mixture tested. This mixture forms a calcined
solid between 400 and 600°C and melts at about 750 to 800°%. At 850 to
900°C it is fluid enough to be removed from the melt pot by gravity flow.
FIW-65 (formaldehyde-treated waste, 1965) Purex waste with lithium addi-
tives (Sec 2.2.2) has been melted in a vertical melting pot experiment
and will be tested at a later date in this system.

Throughput rates of up to 20 liters/hr have been attained with TBP-25
waste with phosphate-lead additives with a furnace of 25 kw and a melt pot
exterior temperature of lOOOOC. There was no evidence of severe corrosion
in the horizontal melt pot although it had been operated for about 15 days
at temperatures varying from 600 to lOOOOC. During preliminary experi-
ments with a vertical pot, extreme corrosion was experienced with both
TBP-25 glass mix and FTW-65 glass mix, especially in the area where lines
were brought into the vessel beneath the melt level. In designing this
horizontal melt pot, there are no lines which penetrate the vessel below
the melt level. A platinum-lined vessel would probably be required for

plant operations, however.

2.1,k PFuture Program

The future program for the continuous, horizontal-pot melting system
with various types of waste will be to determine processing-rate data,
corrosion properties, and the off-gas difficulties (including solids en-
trainment) encountered with various types of waste. With this data, a
new design of the continuous-melt vessel can be made. The vessel would
be made of a material that would be compatible with the waste to be used
(probably platinum lined). ZLater, the horizontal melt vessel could be
located over the present 8-in.-diam waste calciner furnace and integrated
into the system to use the continuous evaporator as a feed preparation
step. The molten glass from the melt vessel would flow into one of the
present 8-in,-diam vertical waste-calcining vessels where it would be
suitably annealed., The off-gas and condensate from the system would be

recycled to the evaporator.
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2.2 Laboratory Development

W. B, Clark H. W. Godbee
During the past quarter, work was continued on the characterization
and fixation of FIW-65 (Formaldehyde-treated 1965 Purex waste solution)

waste and on corrosion of materials of construction., In addition, work

was done on the fixation of non-sulfate and sulfate-deficient waste types.

2.,2,1 Characterization of Purex FTW-65 Waste Solution

Studies were made on Purex FTW-65 waste solution (Table 6) to obtain
data for use in the design of pilot-plant facilities at Hanford. The waste
could be concentrated by a factor of 4 before solids began to appear in
the cooled solution, and concentrations of the waste up to a factor of 9
were made, Samples of various concentrations were used to determine
vapor-liquid equilibria with a Gillespie recycling still (Table 7, Fig. 8).
A Westphal balance mounted over a constant temperature bath was used to
determine solution densities. Densities of the FIW-65 at room temperature
ranged from 1.064 g/cc for unconcentrated waste to 1.4h1 g/cc for the
waste concentrated by a factor of 9 (Table 7, Fig. 9). Densities of the
more concentrated solutions at the lower temperatures are probably lower

than they should be because of crystallization of solids from the solution.

2.2.2 PFixation of Wastes

FIW-65 Waste.-- Efforts were directed toward finding mixtures which

yield solid products having:
. good sulfate retention,
. good physical properties (glassy, insoluble, etc.),

. low softening and melting temperatures, and

=W e

. 1low corrosivity.

A1l these virtues are not easily combined in a single simple mixture.
While special emphasis has been given at various times to low-melting
products and noncorrosive products, sulfate retention was given special
attention in these experiments.

Mixtures were found which have melting temperatures below 7OOOC.

Some were quite glassy, and some lost less than 5% of their sulfate (Ta-
ble 8). The current "best" FIW-65 product (No. 1, Table 8) was devised
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Table 8. Fixation Experiments
Additives (gm moles/liter) 1 2 3 b 5 6 7
B P? or 11390,‘b 1.0 1.175 1.175 1.175 1.175 1.175 1.175
L}o 1.1k 1.75 2.0 1.25 1.25 1.25 1.25
AL(RO3)3 0.5 0.153 0.153 0.153 0.153 0.153 0.153
NaBl| .- 0.25 0.25 -- -- -- --
Ca 0!{)2 0.2 C.1llh 0.144 0.1k 0.1k 0.1bh 0.14%
?%‘()ﬁ ) - -- -- -- 0.123 0.25 -
2 - -- -- -- - -- 0.13
HgO 03 - - - - - - -
Ba(N03)2 -- -- -- -- -- -- --
Waste Oxides (Wt. % of theoretical) Lh.5 39.9 L7.0 38.6 45.8 2.4 42,2
Mole % Theoretical Oxides
AL 03 11.8 L.k 4.3 5.66 5.51 5.18 5.40
Cas 7.2 k.2 L.1 5.38 5.1% k.92 5.13
Na 0 16.3 13.2 12.7 16.81 16.07 15.38 16.03
Li50 20.6 25.6 28.1 23.35 22,33 21.36 22.27
Feg0y 5.4 L.y 4.2 5.60 5.36 5.13 5.3%
Crp03 1.1 0.8 0.8 1.12 1.07 1.03 1.07
N10 1.1 0.8 0.8 1.12 1.07 1.03 1.07
RuG, 0.2 0.2 0.2 0.22 0,21 0.21 0.21
PbO -- - - - - .- 4.63
S0 16.3 13.2 12.7 16.81 16.07 15.38 16.03
9235 18.4 17.4 16.8 22.23 21.25 20.33 21.20
Ba03 -- 4.5 1h.1 -- k.39 8.54 --
sio; 1.1 0.8 0.8 1.12 1.07 1.03 1.07
F- 0.5 0.4 0.4 0.56 0.5% 0.51 0.53
Ba0 -- - -- -- -- - -
Mgo -- - - -- -- -- --
Approximate Softening Temp. (°C) 700 T75 750 700 700 700 700
Approximate Melting Temp. (°C) 800 825 800 750 750 750 750
% 50y Lost (100 min at temp. indicated) 0.7 (900) -- - -- - 6.0 (810) 6.2 (800)
Ratio: Chem. egs (Na* + Li* + M2¥)C
: 5 — — 5= 1.2 1.09 1.17 1.13 1.02 0.92 1.25
Chem. egs (SOh + PO3 + B0, + 5103 )
Description Shiny brown Corrosive Corrosive Shiny, Hard gray Very hard, Very hard

rock. In-
soluble, non-
corrosive.

green,
soluble.

rock, scme dense black
rock. In-

voids.
Soluble.

soluble.

dense, gray-
green rock,
surface
segregation.
Insoluble.

% See Table 6 for composition.

® Use o! H3P03 for H3Poh should result ip little if any difference in the final product so long as there is excess NO3' present. Use of Haf

Where M?* represents the sum of Ca

2+

2+
IBB)MG

2+

, and Pb2+.




h FTW-65 Waste (Concentrated x 3)2

8 9 10 11 12 13 14 15 16 17 18
175 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
.25 1.1% 1.1% 1.1k 1.1k 1.1k 1.1% 1.1k 1.1k 1.1% 1.14
.153 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
14k - 0.1 0.2 0.k = = = o =’ =
)0123 - - - - - - - - :' :'
3 - - - - - -- -- 0.1 0.2 0.4
-- —- - - -- 0.1 0.2 0.k -- -- -
.9 57.0 55.8 5.7 52.5 53.9 51.0 k6.2 56.1 55.3 53.7
5.17 12.7 12.2 11.8 11.0 12.2 11.8 11.0 12.2 11.8 11.0
:.92 -- 3.8 7.2 13.5 - - -- -- -- -
5.36 17.€ 1€.9 16.3 15.2 16.9 16.3 15.2 16.9 16.3 15.2
.33 22.2 21,k 20.6 19.2 21.k 20.6 19.2 21.4 20.6 19.2
5.12 5.9 5.6 5.4 5.1 5.6 5.4 5.1 5.6 5.4 5.1
.02 1.2 1.1 1.1 1.0 1.1 1.1 1.0 1.1 1.1 1.0
.02 1.2 1.1 1.1 1.0 1.1 1.1 1.0 1.1 1.1 1.0
). 20 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
s bk - -- -- -- -- -- - -- - --
5.36 17.6 16.9 16.3 15.2 16.9 16.3 15.2 16.9 16.3 15.2
).31 19.8 19.1 18.% 17.1 19.1 18.h 17.1 19.1 18.% 17.1
.. 20 -- -- - - -- -- - -- -- --
1.02 1.2 1.1 1.1 1.0 1.1 1.1 1.0 1.1 1.1 1.0
).51 0.6 0.6 0.5 0.5 0.6 0.5 0.5 0.6 0.5 0.5
-- -- - - -- 3.8 7.2 13. - -- -
-- -- -- - -- - -- -- 3.8 7.2 13.5
<700 750 750 750 800 750 750 800 800 850 900
<700 850 850 800 900 800 800 900 900 950
L (850) k.9 (900) 5.5 (500) L.8 (900) 5.3 (900) 7.5 (900) 6.4 (900) 9.7 (900) L.6 (900) 5.6 (900) 5.1 (1000)
1.13 1.03 1.13 1.2k 1.kk 1.13 1.24 1.44 1.13 1.24 1.k4
oy, gray- Dark brown, Dark brown, Brown, Brown, Brown, Brown, Brown, Dark brown, Dark brown, Dark brown,
en rock, voids. voids. glassy glassy voids. voids. voids. dense. voids. voids.
face voids. voids,

regation.

oluble.

elimipates bumping during evaporation.
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after experiments revealed that replacement of sodiﬁm by potassium or
lithium usually resulted in products with lower melting temperatures.
Potassium was eliminated from further consideration primarily because it
yielded products more soluble than did either lithium or sodium. The
addition of relatively large amounts of aluminum increased sulfate reten-
tion above the softening temperature and decreased the corrosivity of .the
melt. The addition of both lithium and aluminum* resulted in a low-melting
product with a softening temperature of about 75000 which lost only 5% of
its sulfate after 3 hr at 900°C and only slightly over one-third of the
sulfate after 100 min at 1100°C (No. 1, Table 8). The melt was for all
practical purposes completely noncorrosive in semicontinuous operations,
and the leach rate was about the same as that of the corresponding Purex
1WW product tested (Fig. 10).

Tn establishing the range of waste oxide concentrations that may be
used with this combination of additives, it was found that the final
product from FTW-65 waste was changed very little by increasing the fix-
ation additives by as much as a factor of L (Table 9). A single set of
additives that would yield a Purex 1WW product similar to the Purex FTW-65
product and that would at the same time be applicable to the FTW-65 itself
ig desirable. Using both sodium and lithium as additives, products with
sulfate loss in the range of 5 to 7%, no apparent solubility, and good
appearance were made (FTW No. 3, 1WW-3, Table 9).%* The 1WW product con-
tained 32% waste oxides, and the FTW-65 product contained o6% waste oxides.

Non-Sulfate Purex Waste.-- Relatively little difficulty was experi-

enced in incorporating Purex waste of the non-sulfate type into a phosphate
glass. This ease may be due to the fact that the major constituents of the
waste - sodium, aluminum, and iron - are all easily contained in a true
glass. With only phosphoric acid and lead nitrate as édditives, two true

glasses were made¥** (Nos. 4 and 7, Table 10). One of these (No. L) had

#pAdditives, g-moles/liter waste: m3*- 0.5, 1it- 114, ca®t- 0.2,
P0h5-- 1.0.
‘ps 3+ -+ +
*%Additives: 1.0 M A17 , 2.55 M Ii , 1.4 MNa", 0.16 M Fe
2.27 M 70, 7"
3_

s*%pdditives: 0.3 M Pb°' and 1.5 M PO,°7, 0.2 M Po7 and 1.5 M 904'5,

3+

, and

respectively.

e e - e ———p— | PR - = oy——T S A s 0%, LT MO T TR SN
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Table 9,

Products from Candi.
for Sulfate-Bea;s

Additive
Additives Composition b
g moles/|iter waste No. 1 FTw-1 FTw-1/2 FTw-1/3 FTW-1/4
H3PO3 or H3PO4 4.08 1.02 2,04 3.06 4,08
A (N03)3 2.0 0.5 1.0 1.5 2.0
LiOH 4.6 .14 2.3 3.4 4.6
Ca(NO3)7 0.8 0.2 0.4 0.6 0.8
NaOH - i == o= -
Fe(NOg3), — --- --- -~ -
Waste Type Blank~ FTW-65(X3) FTW-65(X3) FTW=-65(%3) FTW-65(x3)
no waste
Wt % Waste Oxides, Theo. 0 44.5 29.8 22,0 17.5
Composition, mole %
Oxides, Theo.
Aly0, 16.29 1.8 13.33 14.17 14.56
CaO 13.03 7.2 9.27 10.30 10.83
Na,O -— 16.3 10.43 7.73 6.09
szé 37.46 20,6 26.66 29.19 31.15
Fe204 - 5.4 3.48 2.58 2.03
Cr203 —- .1 0.7 0.52 0.41
NiO —— 1.1 0.7 0.52 0.41
R002 -— 0.2 0.14 0.10 0.08
SO; ——- 16.3 10.43 7.73 6.09
P20s5 33.22 18.4 23.82 26.40 27.73 ]
$io, - L1 0.7 0.52 0.41
F- - 0.5 0.35 0.26 0.20
Approx. Incipient Melt Temp (*C) 1000 700 750 800 800
Approx. Melt Temp (*C) -—- 750 900 900 900
Approx. Pouring Temp (*C) <1100 800 1000 1000 1000
Chem Eq (Na++Li++C02+)
Roho:chem Eq (5042-+PO3-+S|'O32-+F-) :: 1.22 1.33 1.36 117
Percent 503 Loss -—- 0.7 3.4 5.3 5.1 33
Description White, Brown Brown Brown Brown H.
Insoluble, rock, rock. rock. rock. b
Too viscous Insol~ Insol- Insol- Insol- r
to pour at uble. uble, uble. uble. \%
1100°C,

See Table 6 for waste compositions.
bSame os Melt 1, Table 8.
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e "Universal" Additive Composition
g Purex Wastes
Additive Additive
Composition Composition
WWe1  TWWa12 tww=-1/3 IWW =1/4 | No. 2 FTw-#2  1WW #2 No. 3 FTW-#3 TWW _#3
1.02 2,04 3.06 4,08 2.27 2,27 2.27 2.27 2,27 2,27
0.5 1.0 1.5 2.0 1.0 1.0 1.0 1.0 1.0 1.0
1.14 2.3 3.4 4.6 2.53 2.53 2.53 2.53 2.53 2.53
0.2 0.4 0.6 0.8 — - --- --- -— -
- -— -—- ——- 1.4 1.4 1.4 1.4 1.4 14
— _— -— ——— _— - 0.16 0.16 0.16
ww TWW Tww ww None FTW=65(X3) TwWw None FTW=-65(X3) TWw
53.5 36.5 27.7 22,3 0 26.6 32.9 0 25.8 32.2
9.55 1.75 12.92 13.54 13.89 11.87 10.55 13.59 11.68 10.39
6.37 8.54 9.60 10.32 -—— ——- -—— -— -— ———
9.55 6.41 4.84 3.87 19.44 23.74 19.19 19.02 23.36 18.90
18.14 24,56 27.45 29.67 35.14 26,12 24,27 34.38 25.69 23.90
7.96 5.34 4.04 3.22 -— 3.10 4.80 2,17 4.67 6.24
0.16 0.11 0.08 0.06 - 0.62 0.10 -—- 0.61 0.09
0.16 0.1 0.08 0.06 -— 0.62 0.10 -— 0.61 0.09
0.06 0.04 0.03 0.03 - 0.12 0.04 —— 0.12 0.04
31.83 21.35 16.15 12.90 -——- 9.29 19.19 —-—— 9.14 18.90
16.23 21.78 24,71 26,32 31.53 23.59 21.78 30.84 23.21 21.45
—-- -—-- - - — 0.62 - - 0.61 -
——— -—= -— -— -— 0.31 ——— —— 0.30 —-———
800 825 900 >1000 825 725 825 750
850 900 950 >>1000 900 800 900 800
71 .92 1.03 1.12 -— 1.49 1.06 -— 1.49 1.06
33.5 22.9 43.1 40.0 — 2.2 5.2 6.2
Hard, Hard Hard, Hard, Brown, Hard, Brown, Very
black gray= gray- black, hard dense, hard, hard,
rock. green green unmelt- micro~ brown, micro- brown,
Voids. rock; rock, ed. crystal- micro- crystal- micro-
few voids. line. crystal- line. crystal-
voids. Many line. Few line.
voids. Insoluble. voids. Insoluble.
Soluble. Insoluble.
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very low corrosivity, contained 19% waste oxides, and melted below 6SOOC.
Attempts to raise the melting point of this glass by addition of aluminum

and at the same time retain the glassy nature did not succeed (Table 10).

2.2.3 Calcination of Non-Sulfate and Sulfate-Deficient Purex Wastes

Attempted calcination of wastes consisting of sodium nitrate with
only minor amounts of other constituents resulted in the volatilization
of gross amounts of solid material. Catastrophic corrosion of stainless
steel and volatilization of cesium have been reported when calcination of

alkaline wastes (i.e., NaNO, + NaOH) was attempted.l The addition of sul-

furic or phosphoric acid injamounts equivalent to the excess sodium is an
obvious remedy but has the disadvantage of producing calcines of relatively
high leachability. There is also a possibility of obtaining partial melt-
ing, which is undesirable in a calcination process. Furthermore, addition
of slightly more than an equivalent amount of acid may result in volatili-
zation of sulfate if any is present and/or the onset of acid corrosion of
the container,

The addition of an amphoteric oxide such as alumina should not only
prevent the volatilization of any alkali (e.g., Na', Cs™) but should make
possible a relatively noncorrosive calecination process regardless of any
excess of alumina employed. Furthermore, the product obtained on calcina-
tion should be relatively insoluble, compared with either sodium sulfate
or sodium phosphate, and would doubtless become more insoluble the larger
the relative amount of aluminum added.

To confirm this prediction, a solution consisting primarily of NaNO3
and NaESOh* in the mole ratio of 5:1 was evaporated to dryness, and the
resulting solid residue was calcined to 9OOOC in a quartz cup that was in
turn contained in a quartz tube fitted with an off-gas line, a condenser,
and a solids trap (Fig. 11). The equipment was then disassembled, the
off-gas line and condenser washed out, and the washings analyzed for Na©
and SOh ". This procedure was repeated with solutions to which aluminum
nitrate had been added to give mole ratios of 1:3, 2:3, and 1 for

Al/NaNO The presence of sufficient aluminum to fulfill the 1:3 mole

3¢

*See composition of "Future Acid Waste," Table 6.
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ratio prevented the gross volatilization of solids but still permitted
volatilization of fairly large amounts of both sodium and sulfate

(Table 11). Increasing this ratio to 2:3 or to 1 practically eliminated
the volatility of both sodium and sulfate; the amounts found in the con-
densate were between 0.001 and 0.02 M, which are in the range of probable
entrainment.

The attempted calcination of the waste without additives resulted
in melting. The addition of aluminum resulted in the formation of cal-
cines, none of which melted at 9OOOC. Though the production of a glass
was not an objective of this particular set of experiments, the addition
of aluminum is compatible with phosphate glasses should glass formation

appear attractive at a later date.

2.2.4 Semiengineering-Scale Fixation Studies (FTW-65 Waste)

Five semiengineering-scale fixation experiments were run, all using
lithium as an additive. The experiments were run in a stainless steel
pot (L4 in. in diameter and 24 in. high) with the rising-level type oper-
ation. The first one employed a mixture (No. 6, Table 8) that gave a
product of superior appearance and physical properties but which lost
sulfate under fixation conditions and was consequently very corrosive.
The last four employed the best mix developed to date (No. 1, Table 8),
which proved to be practically noncorrosive under the conditions usually
employed in pot fixation (Fig. 12). However, when the melt was agitated
by sparging with nitrogen gas, pot failure eventually occurred even with
this melt (Table 12). It appears probable that the excessive corrosion
caused by sparging was due to the inclusion of small amounts of water in
the turbulent melt. This would presumably produce magnetite on the pot
walls, which would then be removed by erosion and/or reaction with the
flowing melt. The pot wall next to the point of failure was guite clean
on the inside and was nonmagnetic, in sharp contrast to the pot corrosion
that was observed previously.

Operation with the production of the "noncorrosive" melt was smooth
except for problems resulting from the presence of gross amounts of solids
deposited in the off-gas line in the form of fine dust. This deposition

was apparently more or less continuous and and was not associated with
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Suppression of the Volatility of Sodium and Sulfate During

Calcination of Sulfate-Deficient Purex. Waste2 by Aluminum Addition

Experiment No.

1 2 3 4
Al(N03)5 added g-moles/liter waste 0 0.27 0.5k 0.80
Mole ratios: A.l/I\TaI\l'OE.b 0.34 0.675 1.0
Al/total Na 0 0.225 0.45 0.566
Volatility end entrainment
(% of total)
Ne*
In off-gas line and condenser 0.25 0.13 0.005 Negligible
In condensate receiver 0.15 0.12 0.004 0.018
Total 0.45 0.25 0.009 0.018
50,2
In off-gas line and condenser 0.29 0.12 < 0,003 Negligible
In condensate receiver 0.17 0.10 0.004 0.01k
Total 0.46 0.22 < 0.007 0.01k
Observations (See Fig. L.) Gross dis- No gross No gross No solids
placement displace- displace- visible in
of solids ment of ment of off-gas
took place solids; solids; system
from inner some white solids Jjust
cup to cooler in off-gas visible in
parts of ig- system off-gas
nition tube; system

some white
solid in exit
tube from
condenser
receiver

aFuture acid purex waste.
50,27, o.

Prore precisely Al/(total Ne - 2 x 50,

2; N0, , ~ 1.6 (to balance).

g R ol iy YRt dhei e Dy o grumtar o ¢ Climaar ol

Composition (g-moles/liter):

2-).

",

0.5; Na+, 1.2; Fe3+, 0.1;
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Fig. 12. Lithium-Aluminum Phosphate Ceramic from Fixation of
Simulated FIW-65 Waste.
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pressure surges. Only relatively small pressure surges occurred. As
might be expected, ruthenium volatility was higher than was normally ob-
served in the absence of dusting; the highest percentage reported was
37.1% (Table 12). The most peculiar part of the phenomenon was the rela-
tively large amount of iron in the condensate. The percentage of iron
volatilized or entrained varied from about 3 to 15% of that present, while
the corresponding percentage of phosphate was only 0.4%, This implies

the possible formation of a volatile iron compound that decomposes to

form an aerosol.

Thermocouples used in the determination of the levels of solution,
calcine, and melt represent a large potential expenditure for each fixa-
tion pot since the thermocouples will not be recoverable from a radio-
actively "hot" fixation run. Consequently, experiments were run to further
test the performance of the electrical resistance probe used for determin-
ing levels of solution, calcine, and melt.2 Representative changes in
resistance observed during fixation experiments are indicated in Table 13.
Resistance increases to a maximum as calcine is formed and is dried.
Melting of the calcine causes a sudden drop in resistance. Practical use
of the method would probably require a background of experience, as has

been found to be true even with thermocouple probes.

2.2.5 Mercury Removal

A stainless-steel column packed with commercial (unsized) copper shot
and gently agitated by a small electrical buzzer removed 99.4% of the mer-
cury from 510 bed volumes of FITW-65 waste solution. Residence time in the
column was 26.5 min. The effluent contained 3.77 mg of copper per ml
(about 0.06 M). No ruthenium was removed by the copper.

An unagitated glass column packed with aluminum turnings of miscel-
laneous shapes and sizes removed 99% of the mercury from 162 bed volumes
of FTW-65 waste concentrated by a factor of 3 (Table 6). Residence time
of solution in the bed was 21 min. There was a gradual mercury break-
through with increasing operating time. After passage of 300 bed volumes
only 90% of the mercury was still being removed. About 30 to 35% of the
ruthenium was also removed by the aluminum column concurrently with mer-
cury removal, Effluent from the aluminum column contained approximately

0.09 M more aluminum than the feed to the column.
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Table 13. Representative Readings of an Electrical Resistance Probe
in Various Phases of a Waste-Fixation Cycle

Approximate
Condition Resistance (ohms)
Empty
Tap water (room temperature) 37,000
TBP-25 glass mix solution
1. Room temperature 4,000
2. Boiling 2,400
3, Wet calcine (hot) 4,800
4, Dry calcine (hot) 20,000
5. Dry calcine (cold) o
6. Softening and melting calcine ("glass™)
a. at 820°C 5,000
b. at 940°C 200

c. at 1020°%C 16
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Neither aluminum nor copper was effective in removing mercury from
Purex 1WW waste. Both metals were attacked rapidly by the relatively con-
centrated (5.6.y) nitric acid in the waste, and the resulting gas rendered
the columns practically inoperable. Such a waste would require dilution
to about the FTW-65 acidity prior to mercury removal.

Amalgam was drained periodically from the bottom of both the copper
and aluminum columns. This indicates the possibility of operating a mer-
cury removal column continuously with addition of the active metal (copper
and aluminum) at the top and withdrawal of mercury or liquid amalgam at the
bottom (Fig. 13).

2.3 Corrosion Studies

W. E. Clark
(Work performed by members of the Reactor Chemistry Division)

Welded specimens of type 30LL stainless steel, titanium L5A, and
Hastelloy F were exposed in and sbove refluxing FTW-65 waste solutions for
periods of 50k to 1008 hr. Couples of 304L stainless and titanium 45A
were also exposed to determine whether or not there would be galvanic cor-
rosion between the proposed titanium condenser and the stainless steel pot
head.

Maximum corrosion rates were = 0.3 mil/month in all cases, including
those in which the refluxing solution contained fluxing additives (e.g.,
HBPOM Al(NOB)B, and LiOH; Table 14). These results indicate that corro-
sion of the overhead system should present no real problem provided that
the waste composition approximates that tested. The possible effect of
ruthenium as a corrosion accelerator should, however, be tested.

Specimens of mild steel (ASTM A-108) were exposed in vapor, interface
solution and melt from the "noncorrosive" FTW-65 lithium mix (No. 1, Table 8).
As expected, corrosion rates were catastrophic, particularly on the inter-
face specimen which was completely severed after 2 hr of exposure, Weight
losses of specimens exposed in the solution for 7 hr varied from about 50%
to about 15% of the total for the solution-phase specimens, depending upon
whether phosphite or phosphate was present. Weight lost by the vapor-phase
specimen was szbout 12%. The specimen exposed in the melt was held in con-

tact with the melt at 9OOOC for 4 hr, after which the furnace power was cut
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off and the experiment was left in the furnace vhile it slowly cooled
overnight. The weight lost by this specimen was about L%,

Specimens of type 304L stainless steel, titenium-45A, and titanium-
0.2% palladium were exposed to a calcination test in FTW-65 waste solution
that contained Ca(OH)2 as an additive. The specimens were held in contact
with the solid calcine at 1050°¢c for 168 hr (1 week). The stainless steel
specimen suffered fairly uniform exfoliation, which amounted to a loss of
about 10 mils of metal. Both the titanium and the titanium-0.2% palladium
were almost completely converted to normmetallic substances. This was also
true of specimens of the titanium alloys in FTW-65 waste calcined without
additives. These tests confirm the prediction that titanium is a completely
unsatisfactory material for construction of the calciner pot and confirm
the suitability of type 30LL stainless steel.

A specimen of type 3041 stainless steel was exposed in a non-sulfate
Purex waste plus additives (No. L4, Table 10) in an evaporation-fixation
cycle during which it was held at 95000 in contact with the melt in air
for 2 hr., There was no indication of localized attack, though the speci-
men had lost about a third of its weight. Note that the exposure temper-
ature was at least 3000C above the melting temperature of the glass.

Exposure of type 3041 stainless steel in salt (NaCl) of varying degrees
of purity at 5OOOC indicate that a corrosion rate of about 0.0k mil/month
can be expected during salt mine storage under these conditions (Table 15).
Some incipient pitting was observed, but it apparently did not continue on
longer exposure. A second set of exposures at 200, 300, and SOOOC under
somewhat different conditions* (Table 16) indicated higher rates (s 0.8
mil/month) and a greater tendency toward a random pitting attack. Both the
corrosion rate and the tendency toward pitting tended to decrease with in-
creased temperature, indicating the probability that moisture in the salt
was largely responsible for the attack. During salt-mine storage, the cor-
rosion rate should, therefore, be almost negligible after the salt next to
a stored pot has become dehydrated.

*These tests were performed for the Health Physics Division under the
supervision of J. L. English of the Reactor Chemistry Division.
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Table 16. Corrosion of Vario
Mine Stora

Exposure time = 720 hr except as indicated. All
Numbers in parentheses indicate maxim

Type 304L Stainless Steel Type 310 Stainless Steel
200°C 300°C 500°C 200 300
Natural NaCl 0.6 (1.2) 0.4 0.5 0.4 0.2 (1.6) 0.
Reagent Grade NaCl 0.1 0.2 0.3 <0.1 0.1 0.
99.5% NaCl-0.5% HyO 0.2 (0.4) 0.5(2.2) 0.6 0.2 (2.9) 0.3 (1.8) 0.
99.75% NaCl-0.25% MgClg 0.7 (2.0) 0.8 0.5 0.6 (2.1) 0.4 (1.5) 0.
95% NaCl-5% CaSOy 0.1 0.6 (2.3) 0.4 <0.1(15) 0.2(2.2) 0.
94.5% NaCl-0.5% H,O- 0.8 0.4 0.7 0.4 (1.8) 0.3 0.
0.25% MgClp-5% CaSOy4
Inconel INOR-8 Monel
200 300 200 300 200 3
Natural NaCl 0.1 0.1 0.1 0.1 0.3 0
0.1
Reagent Grade NaCl <0.1 <0.1 0 0.1 0.1 0
0.1
99.5% NaCl-0.5% HpO 0.1(3.2) <0.1(3.7) 0.1 (2.4) 0.1(3.0) 1.0(7.1) 0
0.1
99.75% NaCl-0.25% MgCls 0.2 (5.6) 0.2 0.2 (4.9) 0.9 0.9 0
0.1(2.1)
95% NaCl-5% CaSOy4 0.1 0.1 0 0.1 (3.2 0.1(3.5) 0
0.1(1.9)
94.5% NaCl-0.5% H,pO-~ 0.2 (2.8) 0.3 (2.5) 0.2 (3.7) 0.3 (2.3) 1.2 (2.7) O
0.25% MgCl9-5% CaSOy4 0.2 (2.6)




letals Under Conditions Simulating Salt
f Fixed Wastes

cimens were welded except as indicated. Rates in mils/yr

pitting attack observed (total penetration in mils)

Carbon Steel

ASTM: A 108
Hastelloy C Haynes 25 Titanium 45A Unwelded
200 300 500 200 300 500 200 300 200 300
.8) 0.1 0.1 0.1 <0.1 0.1 0.2 0.2 0 2.0 (1.6) 2,0 (1.8)
.8)  <0.1  <O.1 0.1 0.1 0.1 0.1 0.1 0 1.1 (1.4) 1.6 (2.6)
.6) 0.1 0.1 0. 0.4 0.1 (3.2) 0.1 0.1 0.1 1.3 (1.8) 1.5 (2.6)
A4) 0.1 0.1 0.5 0.2(2.7) 0.2 0.3 0.2 0.1 2.7 (etch) 3.5(1.2)
.6) 0.1 0.1 <0.1 0 0.1(3.2) 0.1 0.2 0 1.0 (2.2) 1.9 (2.2)
0.2 (2.7) 0.1 0.1 0.1 0.1(1.5) 0.1 0.1 0.1 3.3 (etch) 3.8 (2.2)
Unwelded Type
Type 347 1100 Aluminum
Nickel Ni-o-nel Stainless Steel (200 Hr)
200 300 200 300 200 300 200 300
0.3 0.3 0.1 0.1 (5.8) 0.7 0.4 (2.3) gain gain (5.6)
(5.8) 0.2 0.1 0.1(3.9) 0.1 (2.3) 0.1(3.8) 0.4 (8.0) 0.6 (2.4) 0.7 (3.3)
(3.0) 0.1 0.1 0.6 0.3 (3.0) 0.5 0.7 (5.8) 0.2 (2.1) gain (3.3)
0.3 0.6 0.9 (3.3) 0.3 (1.6) 0.7 (1.9) 1.0 gain gain (3.6)
(3.2) 0.1 0.1 <0.1 0.1(3.7) 0.1(2.2) 0.7 (2.3) 0.4 (3.0) 0.2 (2.7)
(2.0) 0.4 0.3 (6.0) 0.5 (3.0) 0.5 (4.2) 0.6 (3.0) 0.8 8.9 (4.0) gain (4.8)
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2.4k Design Studies

E. J. Frederick J. M. Holmes

o, 4,1 Hanford Pilot Plant

Cooperation on the design of the Hanford Waste Calcination Pilot
plant was continued, including work on the design of the pot calciner and
its associated off-gas equipment and furnace.

Since an induction furnace will be used for the pot-calcination
demonstration in the pilot plant, it was necessary to determine an opti-
mum thickness of insulation between the furnace coils and the susceptor.
The latter will be heated to 900 to 1OOOOC. An optimal insulation thick-
ness would permit rapid cooling of the pot upon completion of calcination,
yet maintain heat losses during the calcination period at a reasonable
level. TIf no insulation were used, the heat losses to the coil would be
about equal to the maximum power input, so it is doubtful if a 900°C pot
wall temperature could be achieved. Air cooling of the furnace will be
required as a supplement to the water coils in order to provide for emer-
gencies such as loss of cooling water or localized cooling loads in excess
of those predicted.

Transient-state cooling-rate calculations for pots filled with solids
initially at 9OOOC were performed at Hanford, using average heat transfer
coefficients between the pot and the cooling media as determined by steady-
state calculations. Table 17 shows the results of these calculations as
the maximum temperature of the centerline of an 8-in.-diam pot with an
internal heat generation rate of 5000 Btu hr_l ft_3 and a solids thermal
conductivity of 0.2 Btu nel g1 9L, The effect of insulation thickness,
the addition of a susceptor, and the use of cooling air on the maximum tem-
perature were studied. An insulation thickness of 0.75 in. of Fiberfrax
was recommended, based on these calculations. The normal heat loss through
this thickness of Fiberfrax during calcination would be about 10.3 kw for
the entire pot, which is not excessive.

Similar calculations for pots containing glassy solids with a thermal
conductivity of at least 1.0 Btu hr = £t”T °F " indicated that cooling fol-

lowing melt formation would be easier to control, The maximum center-line
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temperatures would be at least 1&50F less than those for calcined solids
(See Table 17.). The heat of crystallization of the glassy solids is
taken into account in these calculations by including an allowance in the

specific-heat term for the heat of crystallization.

2.4,2 Continuous Melter

The program for the fixation of high-activity-level wastes in glassy
solids includes the development of a vessel for the continuous evaporation,
calcination, and melting of aqueous wastes containing the glass-making
additives. An horizontal agitated melter (8 in. in diameter and 36 in.
long) is being built for testing on simulated Purex and TBP-25 wastes
(See Fig. 14). The agitator was added to improve heat transfer to the
evaporating wastes by preventing the build-up of cake on the walls above
the liquid level,

Features of the vessel include the following:

1. TFeed nozzles - four water-jacketed nozzles positioned on

top of the vessel and evenly spaced between the vapor line
and outlet baffle.

2. Agitator - slotted, low-speed agitator (1 to 10 rpm), with

internal bearing and external packing gland.

3. Packing gland and bearing ~ internal bearing is made of

high-temperature Graphalloy, externally cooled and pro-
tected from the furnace by Inconel-asbestos packing. The
packing gland also utilizes this type of packing.

L, Vapor line and sight glass - vapor line is 2-in. pipe

that includes a quartz sight glass for viewing the sur-
face of the molten glass.

5. Outlet freeze valve - a baffled trap made in 2-in. pipe

wound with a cooling coil is used as a freeze valve on

the outlet molten-glass stream.

2.4,3 Sixteen-Inch-Diameter Pot Calciner

A 16-in,-diam pot calciner unit is being designed for installation
in the test cells to study the effect of scale-up on process variables

and process economics.
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The unit will consist of a surge tank from which preconcentrated
feed will be discharged through a bottom drawoff into a 5- to 10-gpm
pump circulation loop and emptied back into the tank through a nozzle
located in the tank head, A side stream from the loop will be fed into
a 16-in.-diam stainless steel calcination pot upon demand from a liquid-
level signal that actuates a control valve located in the feed line.

Final evaporation and calcination of the waste to the oxides will be
carried out by induction heating. The pot vapor will be condensed, sam-
pled, and discharged to the cell-drain system. WNoncondensable off-gas
will be discharged to the laboratory off-gas system with no additional
cleanup. A secondary off-gas line from the calciner pot connected to an
intermediate liquid-seal pot, which requires 15 ft of water pressure to
vent, is used as a safety valve in case of plugging in the primary off-gas
line,

The induction furnace is being procured from Ajax Magnethermic Cor-
poration, Warren, Ohio. The power supply will be a 150-kw, 3000-cycle,
vertical-mounted motor-generator set., The furnace will have six 1-ft-long
separate induction coils wired in parallel, with each coil controlled by
an individual temperature controller. The guaranteed heat capacity of
the furnace is 80 kw, supplied continuously to the pot wall at lQOOOC.

The maximum heat capacity of each coil is 50 kw.
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3, LOW-IEVEL WASTE TREATMENT

Processes involving scavenging precipitation and ion exchange, and
foam separation processes, are being developed in both laboratory and
pilot-plant programs for decontaminating the large volumes of slightly
contaminated water produced in nuclear installations. Oak Ridge National
Leboratory low-activity waste is used for this study. The ion exchange
process uses phenolic resins, as opposed to polystyrene resins, since the
phenolic resins are much more selective for cesium in the presence of
sodium at high pH; the cesium-sodium separation factor is 160 for phe-
nolic groups and 1.5 for sulfonic groups. Other cations, for example,
strontium and the rare earths, are also sorbed efficiently. Other ion
exchangers, such as alumina, vermiculite, clinoptilolite, and organic
anion resins are being studied as alternatives. The waste solution nust
be clarified prior to ion exchange because the resins do not remove col-
loids efficiently. Foam separation is being studied as an alternative to
ion exchange after the clarification step and also as a method for both

clarification and decontamination.

3,1 Waste Pilot-Plant Tests

L. J. King

Plant equipment and piping changes for demonstration of the fixed-
bed and continuous contactor ion exchange processes proposed by I. R.
3,k

Higgins were completed, and an agitated clarifier was installed in the

scavenging-precipitation portion of the plant.5’6
The pilot-plant program proposed for the next year includes (1) de-
monstration of the weak-acid strong-acid fixed-bed ion exchange process;
(2) testing of the new clarifier in the scavenging-precipitation head-end
equipment; (3) testing of two proposals (use of an alumina bed and split
addition of ferrous ion and caustic) for overcoming the deleterious effect
of phosphate on calcium removal in the scavenging-precipitation equipment;
(4) demonstration of a scavenging-precipitation ion exchange process in
vhich grundite clay is added to the ion exchange column regenerant, which

is then recycled to the scavenging-precipitation portion of the plant;
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(5) demonstration of the compatibility with the acid-resin flow sheets

of a sodium-free head-end for removal of radiocolloids; and (6) demon-
stration of a foam separation process for treatment of low-activity-level
waste.

Initial tests were made in the fixed-bed ion exchange system. This
system was operated for a week with waste from the ORNL equilization basin
as feed, using the anthracite filter to clarify the water prior to ion
exchange. However, a large amount of the algae in the basin water passed
through the filter and ion exchange units. In fact the effluent from the
column was green. The system was shut down pending completion of radio-
chemical analyses that will allow complete evaluation of the test. This
confirms the premise that the feed to the ion exchange column must be
clarified to prevent the solids from carrying radioactivity through the
system.

Tests with tap water feed were started to determine the operating
characteristics of the agitated clarifier and to evaluate the need for

using a flocculator with the new clarifier.

3.2 Scavenging-Precipitation Ion-Exchange Process:
Taboratory Development

W. E. Clark R. R. Holcomb

Work continued on variations of the Scavenging-Precipitation Ion-
Exchange process for decontaminating low-level waste. The retention of
cesium in the sludge by sorption on grundite clay, the removal of phos-
phate from the waste by alumina, and the use of an anion exchange column
to remove residual activity from the effluent from the process were

investigated.

3.2.1 Removal of Anionic Activities by Ton Exchange

Passage of the effluent from the Scavenging-Precipitation Ion-Exchange
process through a column of Dowex 21-K anion exchanger resulted in removal
of about half the residual gross activity from the stream. Activity, in-

cluding some ruthenium, began to leak through the column almost immediately.
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3,2.2 Removal of Cesium in Sludge

The retention of major fractions of cesium and other activities in
the head-end sludge of the Scavenging-Precipitation Ton-Exchange process
would eliminate the need for evaporation of the eluate from the cation
exchange column. This would decrease capital costs by eliminating the
need for the evaporator and auxiliary equipment, and would decrease oper-
ating costs by eliminating the extra power and labor required for oper-
ation of the evaporator. Accordingly an experiment was run in which 1900
resin-bed volumes were processed according +to the Scavenging-Precipitation
Ton-Exchange flow sheet.* The eluate was then adjusted to pH 3 by addi-
tion of NaOH, mixed with grundite clay, and then metered into the low-level
feed stream through the flash mixer, in which the stream was adjusted to
the flow sheet - recommended pH of 11.8., The effluent from the column
after passage of 1900 bed volumes of waste (containing recycled eluate)
contained 1.3% of the cesium and less than 0.3%1% of the strontium.

Batch experiments showed that there is a narrow optimal pH range at
about 11.8 for the sorption of cesium on grundite clay and that sorption
is greater when the grundite is added before pH adjustment than when the
procedure is reversed (Fig. 15). One gram of grundite per liter of column
effluent*¥* removed 55% of the cesium at pH 11.8. TIncreasing the amount
of grundite to 2, 4, and 8 g/liter resulted in the removal of 83, 9k, and
97%, respectively, of the cesium from the solution. The size of the

grundite particles was not important; there was no detectable difference

¥Flow-sheet outline: Sodium hydroxide and copperas were added to the
waste stream in a flash mixer to give a pH of 11.8 and an iron content of
5 ppm. Flocculation and clarification were accomplished in a single ves-
sel employing a sludge blanket. The clarified stream was filtered through
anthracite and the filtrate was passed through a CS-100 cation exchange
resin to remove about 99% of the cesium and the strontium that had not
been removed in the scavenging-precipitation step. The resin was eluted
with 10 bed volumes of 0.5 M HNO., rinsed with water, and regenerated with
20 bed volumes of 0,1 M NaOH. Fgrther details as well as variations in
this flow sheet are covered more fully in ORNI~3322 and ORNI~3349,

¥%This corresponds to 1 g per 77 liters or to 0.1l 1b per 1000 gal of
fresh low-level waste, Cost of grundite is #0.685 per 100-1b bag in car-
load lots.
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> 2 g CLAY (AS REC'D)/liter ADDED AFTER pH
ADJUSTMENT. INITIALLY 7300 counts/min » ml.

® 2 g CLAY (AS REC'D)/liter ADDED BEFORE pH
o) ADJUSTMENT. INITIALLY 7300 counts/min « ml.

A 16 g CLAY (K200 MESH)/liter ADDED AFTER pH
ADJUSTMENT, INITIALLY 775 counts/min * ml.
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Fig. 15. The Sorption of Cesium on Grundite Clay as a Function
of pH, Weight of Clay/liter of Solution, and Sequence of Addition.
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in the performsnce of the material as purchased* and material of various
classified sizes down to < 200 mesh. Use of sized material is, therefore,
unnecessary for cesium removal, though use of smaller sizes may be desir-

able because of ease of handling in a slurry.

%,2,2 Phosphate Removal by Alumina

An upflow fluidized alumina column containing 400 g of alumina (80-
200 mesh, F-20 grade) has continued to remove about half of the phosphate
after passage of a total of 10,000 bed volumes of untreated low-level
waste. Total phosphate in the feed varied from 0.4 to 1.6 ppm; the ef-
fluent from the alumina column varied from 0.25 to O.77 ppm; and the frac-
tion removed varied from 0.24 to 0.71 (Table 18), It is not yet clear
whether the variations observed are due to the presence of different
species of phosphate in the waste, or to normal analytical scatter in de-
termining such small amounts of phosphate, or is characteristic of the

performance of the alumina column.

3,3 TFoam Separation

The Foam Separation process for decontaminating ORNL low-radiocactiv-
ity-level process waste water consists of two steps: (1) a head-end,
caustic-carbonate precipitation with clarification in an upflow sludge-bed
filter to remove macro-quentity impurities (e.g., calcium carbonate, mag-
nesium hydroxide, and algae), followed by (2) a countercurrent foam sep-
aration column for removing remaining trace-quantity impurities having

90

deleterious biological effects, especially Sr” .

3.3.1 Laboratory Development (E. Schonfeld, A. H. Kibbey, W. Davis, Jr.)

Sludge Bed Studies.-- Beaker tests were performed to determine the

effects of aging time, pH and method of adding caustic-carbonate on the

completeness of phosphate precipitation from ORNL process waste water.

*Grundite bond clay supplied by the T1linois Clay Products Company.
Mineralogical analysis: illite 65-75%, kaolite 10-20%, quartz 5-15%.
Soreen analysis: > 30-trace, 40-2.2%, 50-5.8%, 70-7.6%, 100-10.6%, 1LO-
10.5%, 200-9.7%, 270-5.6%, pan-L8.0%.
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Table 18. Removal of Phosphate from ORNI. Low-Ievel wagte Solution
by Upflow Through a Fluidized Alumina Column

Total Phosphate

Total Phosphate

Fraction of

in Feed in Column Phosphate
(ppm) Effluent (ppm) Removed
1.5 0.61 0.59
1.0 0.60 0.40
1.0 0.76 0.24
1.2 0.35 0.71
0.92 0.40 0.56
0.46 0.25 0.4€
0.76 0.35 0.5k
1.5 0.56 0.€3
1.6 0.77 0.52

#1400 g of F-20 grade Al O
) 2
diameter.

3)

80 to 200 mesh, in a bed 2 in.

in

bThe three groups of data were obtained during three differ-

ent Scavenging-Precipitation Ion-Exchange rums.
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These tests were performed because previous studies7’8 showed that the
precipitation of caleium carbonate is inhibited by phosphate ion.

Tn beaker tests on the 400- to 500-ml scale, the addition of about
10 ppm of Fe5+, as ferric chloride in 0.01 M HC1, to process waste water
containing 4.6 ppm of phosphorus (measured as POh-B) reduced the total
soluble phosphorus to a minimum (0.04 ppm) at pH 7 when a 4-min stirring
time was used (Fig. 16). At the higher pH value of 11.3 used in sludge-
bed precipitation of calcium carbonate, the solubility of phosphorus
(as Pof‘) was 0.2 to 0.3 ppm. At pH 7.2 and 11.k, phosphate precipita-
tion almost attains its final value in 1 to h min (Fig. 17). After phos-
phate is precipitated at pH 7.2 and the pH of the water then increased
to 11.4 by caustic-carbonate, the soluble phosphate concentration in-
creases, corresponding to ferric phosphate slowly redissolving, with
eventual reprecipitation of the ferric ion as a hydrous oxide. The rate
at which the ferric phosphate is dissolved controls the rate at which
ferric oxide can precipitate and, hence, the rate at which phosphate ion
is liberated. Thus, the precipitated ferric phosphate temporarily removes
phosphate ion from solution, thereby allowing calcium carbonate precipita-
tion to be more complete. One feature of the data in Fig. 17 may be sum-
marized by saying that when Fe3+ is added to practically neutral water, the
subsequent deleterious effects of 4 to 5 ppm of phosphate on calcium car-
bonate precipitation at pH 11.4 are less +han would be observed if the
Fe5+ and caustic-carbonate were added at the same point. This mechanism
mekes it possible for the caustic-carbonate process to compensate for
unusually large amounts (up to 10 to 15 ppm) of phosphate which occasion-
ally appear in ORNL waste water for brief intervals. Ordinarily the solu-
ble phosphorus concentration in the waste is in the range of 1 to 3> ppm
(as POhB—).

Demonstration sludge-bed column runs on laboratory scale at a water
processing rate of 20 gal P72 hr-+ confirmed the findings of the beaker
tests. In these runs, tap water containing 5 ppm of phosphorus as sodium
orthophosphate reagent was used as feed. The Feot (in 0.01 M HC1) was
added in a premixer in which there was an approximately h-min holdup of
the water. Then 0.3 M each NaOH-Na2003 solution was introduced into the

premixer exit stream, upstream from the sludge bed. Final concentration

‘

¢
5
3
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Fig. 16. Residual Phosphate in Beaker Test. ILow-Activity
Waste. Conditions: U-min mixing time; ferric ion concentration, 10 ppm.
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of the caustic and carbonate in the sludge-bed feed was 0.005 M each.
The relatively low total hardness in the sludge-bed effluent stream under
these conditions, as compared to that obtained in a similar run in which

the Fe5+, NaCOH, and NaQCO were added together in the premixer, is shown

in Fig. 18. Here the lagjin phosphate build-up owing to preliminary fer-
ric phosphate precipitation is evidenced by the lowered total hardness
(as CaCOB) of the sludge effluent stream even after 7 hr. Apparently, a
prolonged high phosphate content in the waste water would lead to 1little
difference in the results of separate or simultaneous ferric and caustic-
carbonate addition procedures, since an equilibrium between precipitated
ferric phosphate and hydrous ferric oxide would eventually be reached.
However, for high phosphate concentrations of short duration, adding the
reagents separately is of value,

Increasing the ferric ion concentration when phosphorus concentra-
tion in the feed increased also tended to reduce effluent total hardness.9
In two runs, made with actual process waste water containing from 6 to 1k
ppm of phosphorus (measured as POMB‘), increasing the ferric concentration
from 8 to about 20 ppm decreased the total hardness in the sludge effluent
to less than 2.5 ppm. The discrepancy between this hardness value and
those obtained with the tap water feed (in Fig. 18) is probably the result
of a difference in the form in which the phosphorus existed in the waste
weater and tap water solutions, The tap water contained orthophosphate,
whereas the waste water contained some phosphate as algae and may have
contained hexametaphosphates and tripolyphosphates from cleaning compounds
such as Fab and Turco 4324, Earlier beaker tests8 showed the orthophos-
phate inhibition of calecium carbonate precipitation to be more persistent

than were inhibitions by other phosphates under the same conditions.

Cesium Removal,-- Previous studies showed that grundite clay (used as

the -230 mesh material) removes about 90% of the cesium from ORNL process
waste water when used at a concentration of about 0.5 1b of clay per 1000
gal of water in the continuous caustic-carbonate process. Two other mate-
rials have been tested as possible cesium scavengers; these are magnesium
ammonium phosphate powder and a refined asbestos, Asbestos CMS, obtained

from Union Carbide Corporation.
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The ability of each of these two materials, and of grundite for comu-
trol purposes, to sorb cesium was tested at two concentration levels;
namely, 0.5 and 5 1b per 1000 gal, or 60 and 600 ppm in beaker tests. A
test consisted in adding a sample of solid to caustic-carbonate water that
had been spiked with Cs137, stirring for 30 min at 25 % lOC, filtering,
and measuring the Cs137 content of the filtrate. In all tests the total
hardness in the water was 3 ppm as CaCOB.

Neither the magnesium ammonium phosphate nor the asbestos was very
effective in removing cesium., The former removed 6% at the two solids-
concentration values of 0.5 and 5 1b per 1000 gal; the asbestos removed
5 and ll.h%, respectively. For comparison, even a large-particle-size
fraction of grundite (larger than 50 mesh) removed 5k.l and 76.5% of the
cesium, while a small-particle-size fraction (-325 mesh) removed 72 and
92%, respectively.

The effect of a prebaking* for 20 min at 6OOOC on the efficiency of
cesium removal by -230 mesh grundite was tested in continuous column oper-
ations. The baking increased the cesium decontamination factor from 8 at
a concentration of 0.6 1b of clay per 1000 gal to 15 at a concentration
of 0.38 1b per 1000 gal. In the absence of grundite clay, the sludge-bed
decontamination factor (DF) for cesium is only 1.2 to 1.6.

Foam-Column Studies.-- Experiments were performed to evaluate foam-

column performance with respect to strontium and cesium removal, both with
and without recycle of foam condensate to the sludge column, with dodecyl-
benzene sulfonate (DBS) as a surfactant and with respect to cesium removal
when other surfactants, containing "active" phenolic groups, were used,
Recycle of foam condensate was tested because such recycle is more
economic with respect to surfactant usage, and also reduces the nmumber of
waste stream withdrawal points to one, namely, the sludge. With DBS as
surfactant, recycle was performed without significant changes in the me-
chanical operations of sludge or foam columns during six runs of 8 hr to

4 days! duration.

¥This procedure has previously been tested by T. Tamura, ORNL, Health
Physies Division,
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The parameter group V/LD is being correlated with strontium decon-
tamination factors in the foam column because the numerical value of this
group can be rapidly estimated. The term V is the foam flow rate in
cc/min, L is the liquid feed rate in cc/min, and D is the average bubble

diameter according to the equation

n

- n
D= Z D.>/ 2 D% .
1 1
i 1 i=1

1 =

where the subscript i refers to an individual bubble and n is the number
of bubbles whose diameter is measured (from Polaroid camera photographs ).
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Since previous sludge-bed foam-column runs using Sr “-spiked tap water or
waste water as feed always gave satisfactory decontamination factors (i.e.,
about 100 or greater) for strontium when V/ID was equal to or greaterlo
than 150, operating conditions necessary to produce at least this value
were determined as a function of surfactant concentration and gas flow
rate, V/LD values in the range 150 to 190 were obtained at linear-foam
velocities of 32 to 37 cm/min and 41 to L6 cm/min when surfactant concen-
trations in the foam column effluent were maintained at 9.2 to 38.8 and
10.3 to 27.8, respectively, by continuous addition of concentrated DBS
solution. The corresponding sludge-column effluents (foam-column feeds)
contained 10.3% to 21.9 and 21.7 to 32.5 ppm of DBS. At the lower linear
foam velocity, DBS concentration in the foam condensate, whose volume was
2.8 to 3.8% of the feed volume, ranged from 1625 to 2027 ppm. At the
higher foam velocity, DBS in the condensate was in the range 1175 to 1375
ppm, while the condensed volume was 6.1 to 8.6% of that of the feed. Bub-
ble diameters obtained at the lower gas rate were 0.56 to 0.66 mm and
were 0.68 to 0.82 mm at the higher gas rate. Dodecylbenzene sulfonate
material balances were good in 9 of the 10 experiments on which the above
numbers are based. Specifically, the influent DBS/effluent DBS ratio
varied from 0.93 to 1.25 except for one value of 0.62.

Because decontamination factors for removal of strontium in a foam
column from low-calcium water are expected to be in the range 100 or more,
no experiments have been performed just for the purpose of maximizing this

factor. However, even in a short column of over-all length 21 in. and
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active foam height of only about 10 in., an Sr9o decontamination factor
in excess of 40O was achieved with sodium dodecylbenzene sulfonate as
surfactant. The accuracy of this factor was limited by the very low
counting rate of the product water from the foam columm.

Cesium removal by foaming is not very good. The best Cs137 DF values
achieved to date with dodecylbenzene sulfonate are about 1.6. By contrast,
cesium decontamination factors of about 15 are achieved across the sludge
bed by adding 0.5 1b of baked grundite clay (baked at 600°C for 20 min)
to each 1000 gal of water. Because of their usefulness in ion exchange
and solvent extraction, three surfactants containing phenolic groups were
tested for their ability to separate cesium from the large (0.0lS{M) quan-
tities of sodium ion in the water from the sludge column that is used as
feed to the foam column., These three surfactants were RWA-100 (a sodium
phenyl phenol sulfonate), dichlorophene, and hexachlorophene. The column
experiments were made without recycle of foam condensate.

The foaming properties of RWA-100 were inferior to those of DBS, and
a stable foam was not produced under column-operating conditions unless
some DBS was added. Smooth column operation was achieved at a weight
ratio of RWA-100/DBS = 4/1 when RWA-100 concentration was 225 ppm and the
gas/liquid flow rate ratio was equal to 26.5 to 31.9 at liquid flow rates
of 28 to 34 gal ft-e min_l. Although the V/ID values were in the range
250 to 350 under these conditions, the cesium decontamination factors were
only 1.2 to 1.5. For comparison, the DBS system, V/LD values > 150 always
gave strontium decontamination factors in the range 10 to 100. Possible
reasons for the poor cesium separation are: (1) high ratio of DBS/RWA—lOO
or (2) pH not high enough to produce significant ionization of the phenolic
group,

After screening ten additional phenolic compounds for solubility and
foamability, two (hexachlorophene and dichlorophene) were chosen for test-
ing for cesium removal in single-stage foam column runs. The test solu-
tion was made by adding Cs137 tracer to caustic-carbonate water from the
head-end precipitation step. Since the foam generated in a solution con-
taining up to 500 ppm of either of these phenolic surfactants was unstable,
the solution was made 20 ppm in DBS. The single-stage foam column results

137

showed no significant enrichment of Cs in the foam phase.
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3,%,2 Engineering Development (P.A. Haas, D. A. McWhirter)

Engineering studies for design and application of foam separation
columns were continued with the emphasis on the scaleup of components
for the 24-in.-diam column proposed for a low-level-waste pilot plant.
The 6~ and 2k-in,-diam columns were operated with orifices as simple and
easily scaled-up foam breakers.

Orifice Foam Breakers.-- The idea of an orifice as a foam breaker was

developed from consideration of the foam-breaking mechanism in the sonic,
cyclonic, and centrifugal foam breakers. The sonic foam-breaking mechanism
is ascribed to pressure cycling effects.ll The 2-to-1 inlet-to-outlet
pressure ratio found necessary to make a cyclone an effective foam breaker
would produce a very rapid pressure change. Foam flowing through either

a stationary fine-mesh screen or a coarse-screen centrifuge bowl is broken
very poorly as compared to a fine-screen centrifuge bowl. This could be
attributed to a pressure change as the foam leaves the centrifugal field
in the bowl. Since sharp pressure changes and even pressure discontinui-
ties are possible in an orifice, the performance of orifices as foam
breakers was tested.

Experimental data was collected for four orifice diameters using foam
from extra-coarse-porosity fritted-glass-disk gas spargers. Foam generated
from 200- to 275-ppm Trepolate F-95 solution was drawn through the orifice
by vacuum, with the top of the column vented to the atmosphere (Pig. 19).
The amount of uncondensed foam was measured by operating the orifice for
2 4o 5 min and then venting the vacuum pot and discharging the liquid and
foam into a2 graduate. The orifice diameter, the foam rate, the pressure
drop across theorifice, the foam density, the distance from the orifice to
the vacuum chamber wall, and the wall material were varied.

The results show that foams are easily condensed by an orifice with
residual foam volumes of about 0.001, the inlet volumes for the well-drained
foams (Table 19). Pressure drops from atmospheric for the inlet foam to
one-half atmosphere in the vacuum pot were adequate, The same pressure
ratio would probably apply at other pressures; that is to say, an upstream
to dowvnstream pressure ratio of 2 is probably adequate. With the inlet
foam at atmospheric pressure, condensation was less complete for 30 or
25 em of Hg pressure drop as compared to 50 or 65 cm Hg and become very

poor for lower pressure drops.
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Fig. 19. An Orifice Foam-Breaker System.



5

The results indicate that the condensation occurs as the bubbles
pass through the orifice and that orifices smaller than the bubble and
impingement of +the bubbles on a surface are not necessary. The condensa-
tion of foam was aboub equally efficient for 0.015-, 0,100-, and 0.250-cm-
diam orifices. The 0.015-cm diameter would be smaller than nearly all
the bubbles, while the 0.250-cm diameter would be larger than nearly all
the bubbles (mean bubble diameters of 0.05 to 0.08 cm). For most of the
tests, the stream from the orifices impinged on a Teflon sheet placed 2
to 3 in. from the orifice. The amount of uncondensed foam was slightly
decreased by placing the orifice 24 in., from the Teflon sheet. The amount
of uncondensed foam was slightly greater for a glass surface in place of
the Teflon sheet. It appeared that the foam bubbles broke before they hit
the surface and that the liquid striking the surface caused some formation
of new foam bubbles, depending on the material and position of the surface.

The drier foams from lower foam rates or better drainage gave smaller
fractions of uncondensed foam. This may have been due to less formation
of new foam bubbles on the Teflon surfaces when the inlet foam was drier.

The capacities of the orifices as foam breakers appeared to be in-
versely proportional to the square root of the foam density, as would be

expected from orifice equations. The observed capacities agree with the

following:
q = 6000 d? éég
where
q = capacity in ce/min,
d = orifice diameter in cm,

A P = pressure drop (from atmospheric) in cm of Hg,

¢ = foam density in cc/cc.

This equation indicates slightly higher flows than would be calculated for
gases of the same densities as the foams.

The 2l-in.-Diem Column.-- The 2k-in.-diam foam column (See ORNL-TM-
516, November 1962 to January 196% Quarterly) with a feed distributor of

19 tubes on a 5-in. triangular spacing was operated at higher gas rates

e e s Ay
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using the 0.25- and 0,31l-cm-diam orifice foam breakers. The amount of
channeling decreased as the gas (foam) rate was increased. With this feed
distributor and 50 liters/min of foam, the flow was good, with little chan-
neling at 5 liters/min of liquid (25 gal ft—g hr—l), but channeling was
very bad at 13 liters/min (66 gal £17° hr—l). Channeling was less, but
still excessive, at 15 liters/min for 80 liters/min foam. A feed distribu-
tor, designed to give 37 feed streams on approximately E-B/M-in. triangular
spacing in a ol-in,-diam column, gave the uwniform flows, low discharge
velocities, and reduced channeling necessary for a larger diameter foam
column., Parallel, horizontal 3/8-in.-0D tubes were spaced across the
column cross section with 0.0B?—in.—diam.metering orifices with baffles

to give the low discharge velocity.

The effects of dodecylbenzenesulfonate and Na© concentrations on foam
stability in the oly-in,-diam column with a 48-in., foam height were studied
at various gas and liquid flow rates. 1t appears that the low-level waste
foam column should have a staple foam with 25 ppm of dodecylbenzene sul-
fonate in the liquid, while 10 ppm in the liquid resulted in gross bubble
growth and loss of over three-fourths of the surface generated.

Foam Drainage.-- A model was developed for the flow of liquid in foam

for the countercurrent and drainage sections of foam separation columns.
The Plateau borders are considered to be capillaries of constant pressure
drops per unit length and variable diameters. Equations derived for foam
densities during countercurrent foam-1iquid flow and for exit foam densi-
ties after drainage with either vertical or horizontal flow of foam were
confirmed by experimental results. The experimentally determined coeffi-
cients for equations for the three different flow situations are consistent
and are within the range of values expected from the theoretically derived
equations. The detailed results are reported in a topical report on the

engineering studies.

3,%,3 Pilot-Plant Design (3. M. Holmes)

TFoam separation equipment 1s being designed for installation in the
Low Ievel Waste Pilot Plant, Building 2508, The equipment will include a
o-ft-square by 1h-ft-high countercurrent foam column for the removal of

radioactivity from ORNL 1low-level waste, three recovery colums in series
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for the removal and recycle of surfactant from the waste effluent before
discharge, and two types of foam-breaking equipment (Fig. 20). The
countercurrent column will have a horizontal foam-drying section for re-~
moval of liquid from the overhead foam stream just prior to its entering
the centrifugal foam breaker, Liquid drained in this section will be fed
back to the column alongside the main column waste feed stream, Orifice
foam breakers will be used on the recovery columns. Air for the generation
of foam will be distributed by spinnerets in the countercurrent column and
by porous stainless steel spargers in the recovery columns. The air will
be supplied by a Nash vacuum pump which will maintain a closed circulation
system from the foam breakers to the foam generators. The only gas re-
quiring cleanup will be the excess bled from the system to control the
system inventory. This will be discharged to the system scrubber and the
building ventilation system filters. The maximum waste feed rate for the
system will be about 5 gal/min. The present Low Ievel Pilot Plant clari-
fier and filters will be used for hardness removal from the waste before

it is fed to the foam columns. Solids-feeding equipment will also be in-
stalled to permit the addition of grundite clay to the clarifier for cesium

removal,
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4k, ENGINEERING, ECONOMICS, AND SAFETY EVALUATTION

k.1 Engineering and Economics of Waste Management

Jd. J. Perons J. O, Blomeke R. L. Bradshaw

An estimate of comparative costs for final disposal of radioactive
solids in concrete vaults, granite, and salt formations has been completed
and published as ORNL-TM-66L4. Although cavities mined in salt formations
are believed to offer the best possibilities for permanent disposal of
these wastes, its use implies the probable need of shipping the wastes to
a mine from a processing plant possibly many miles distant. Suitable de-
posits of granite or shale might be more accessible to a plant, and it is
conceivable that high-integrity concrete vaults could be constructed at
the plant site to serve the purposes of permanent containment.

Having available as a point of reference the more detailed analysis
of the cost factors in the disposal of calecined wastes in salt mines,15
a rather perfunctory analysis can show the relative costs for disposal
into concrete vaults at the surface of the earth and into space excavated
from granite formations. In lieuw of a formal safety analysis, which may
be done sometime in the future, a qualitative observation can be made that
disposal in granite would at best be no safer than in salt; and concrete
vaults would be less safe because of the limited period of integrity of
the concrete and the proximity of the waste to the biosphere. Therefore,
the costs for mining space in granite must be as low as for salt, and for
vaults lower than for salt, in order for these alternative methods to be
competitive.

A basic assumption is that, after the waste has been placed in stor-
age, all accesses to the storage area are sealed to provide the maximum
containment and isolation from the environment. Under these circumstances,
dissipation of the radioactive decay heat will occur only by conduction
through the surrounding solid medium. Better heat transfer permitting
more efficient utilization of storage space could be achieved by circula-
tion of air through the storage area and discharging it back into the
atmosphere after appropriate monitoring and/or cleaning. However, this

would represent a less safe situation, in that it would provide a direct
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route for escape of the fission products into the enviromment in the event
of sabotage or natural disaster.

As in previous cost studies in this series, a 6-tonne*/day plant is
assumed, processing 1500 tonnes/yr of uranium converter fuel at a burnup
of 10,000 Mwd/tonne and 270 tonnes/yr of thorium converter fuel at a burnup
of 20,000 de/tonne. This hypothetical plant would process the fuel from
a 15,000 Mw nuclear economy, which may be in existence by 1975. Acid
Purex and rea01d1f1ed Thorex wastes are chosen for this study, as they
possess the highest and lowest heat generation rates per unit volume,
respectively.

The procedure used in this report was to calculate the relative costs
for storage space and then to estimate space requirements as determined by
heat transfer considerations. Handling procedures and operating costs are

assumed to be identical to those used for disposal in salt.

4.1.1 Costs for Space in Vaults

This concept involves the construction of concrete rooms completely
buried, with just sufficient earth cover to provide the necessary shield-
ing. A preliminary design of a concrete vault for the storage of highly
active solid wastes was done at Chalk River.:LlL The gross resemblance of
such a vault to tanks for storage of liquid wastes is striking, in that
all are underground structures of reinforced concrete, are of about the
same size and proportions, and have leak-tight metal linings over their
interior surfaces (Table 20). The cost per unit of storage space for the
vault was estimated at SlO.?O/ftB, and costs for tanks ranged from #6 to
$22.50/f‘b5 at Hanford, Savannah River, and Idaho Chemical Processing
Plants.15 After deductions for cooling systems and metal llnlngs space
in these underground concrete structures costs about $3 to $h/ft In
comparison, salt is mined for about $2/ton, which results in a cost for
space in salt formations of about $O l5/ft

Since temperatures in ordinary concrete should not be allowed to ex-
ceed 400 to SOOOF, the use of special high-temperature concretes (which

would allow closer spacing of the cylinders) is considered. A concrete

*Metric ton.
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composed of a high-temperature cement and an aggregate of magnesium-oxide
ore (dunite) can withstand temperatures exceeding 1000°F and costs about
$130/yd5 in place, compared with about $75/yd3 for ordinary concrete for
this type of structure. If the cost for space with ordinary concrete it
taken to be $3/ft5, about 60% of which is for concrete, the cost for space
with high-temperature concrete is about $u.30/ft5.

4.1.2 Space Requirements Using Vaults

The spacing between cylinders in a storage system is controlled by
the need to dissipate the heat generated by radioactive decay without
reaching temperatures injurious to the storage system. These limiting
temperatures are 16500F for the calcined waste, and range from 500 to
SOOOF for ordinary concrete to about 1000°F for special high-temperature
concretes.

A minimum storage age occurs when the calcined waste and the concrete
are simultaneously at their meximum allowsble temperatures. For greater
ages, the temperature of the conerete controls the spacing between cylin-
ders. That is, with the concrete at its maximm allowable temperature,
the waste is below its maximum allowable temperature in the case of cylin-
ders 6 to 24 in. in diameter. Space requirements for acid Purex and re-
acidified Thorex wastes situated in racks in high-temperature concrete
vaults and in salt rooms are showvn in Figs. 21, 22, and 23 as functions
of age at burial. The calculations for storage in salt rooms above the
floor were reported previously.l6 From the graphs it is clear that the
greatest savings in space requirements for vaults over the use of salt
formations occur for storage at about 10 to 30 yr of age, and over this
range of ages the space requirements differ by a constant factor. Hence,
a comparison of storage costs at 30 yr of age will suffice for the pur-

poses of this study.

4,1.3 Comparative Storage Costs Between Vaults and Salt

Using space costs of #3, @h.30, and $O.15/ft3 for ordinary concrete
vaults, high-temperature concrete vaults, and salt, and assuming a floor-

to-ceiling height of 15 ft, area costs are ghs, #6L4.50, and $2.25/ft2 of
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floor area. Costs of storage space per cylinder were obtained by multi-
plying these area costs by the space requirements per cylinder in Figs. 21
to 23. The results for a storage age of 30 yr (Figs. 24 and 25) show that
high-temperature concrete results in lower costs than ordinary concrete
but that, at best, the cost of storage space in concrete vaults is higher
by a factor of 8 for both acid Purex waste and reacidified Thorex waste
than the cost of storage space in salt formations. In calculating the
total costs of storage in salt, 60 to 85% were for salt removael, and, since
the other costs (e.g., for handling equipment and labor for storing the
cans) would be about the same for all storage systems, the relative total
costs would probably differ by factors of 5 to T.

Costs for Space in Granite Formations.-- A recent estimate of $20/yd3

has been reported for excavated space in bedrock at the Savannah River
Plant.18 Excavation costs in hard rock (granite or metamorphosed basalt)
should range from $9.00 to $15.00 per yda, depending on the amount exca-
vated.17 This estimate is based on advertised bid prices of $9.00 to
$12.00 per yd? for excavation in granite for Project Norad, an Air Force
operation; on a bid price of $12.50 per yd5 for metsmorphosed basalt for
a Department of Defense classified project in 1951; and on actual cost
records of $9.00 to $13.00 per yd5 for metamorphosed basalt for a second
Department of Defense project in 1954-1957. The cost of shaft sinking is
not included in these costs nor is the cost of roof support, if required.

In comparison, excavation costs in salt are about $h.00 per yd3 (which
is equivalent to $2/ton). Excavation costs in hard rock are higher than
in salt because heavier equipment is required, drilling is more difficult
and is slower, and costs of explosives are higher.

Space Requirements in Granite Formations.-- In calculating space

requirements in salt formations, values for thermal conductivity and dif-
fusivity at 300°C (572°F) were used. The thermal conductivities of salt
and granite are within 10% of each other in the temperature range of 400
to over 600°F. Since heat capacities are also about the same at 0.21
Btu/1b °F, and densities are not oo different, 135 11o/ft3 for salt and a
range of 125 to 187 l‘b/f‘b3 for granite, the thermal diffusivities are
nearly equal. Therefore, space requirements in salt and granite formations

are about the same within the accuracy of the calculations.
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Comparative Storage Costs Between Granite and Salt Formations.-- The

ratio of rock volume which is mined for storage space and access tunnels

to rock volume which must be left as supporting pillars is about the same
in granite formations as in salt formations. Therefore, storage in granite
formations would require the same amount of mined space, and unmovable
capital items (such as concrete structures) would be amortized over the
same time period. Assuming other costs (e.g., handling equipment and labor
for storing the cans) to be the same also, storage in granite formations

would cost about twice as much as storage in salt formations.

k,2 TUnderground Movement of Fission Products

D. G. Jacobs

One possible route of radiocactive waste solutions released by tank
failure would be through the geologic formation lying between the tank
site and the nearest surface drainageways. A hypothetical tank site at
Oak Ridge is located in Conasauga shale on a promontory, with intermittent
surface streams passing to the east, south, and west of the tank site.

The shale formation is quite impermeable and movement of water is re-
stricted to flow along bedding planes, greatly limiting its velocity and
direction.

Samples of the Conasauga shale were obtained below the highly weath-
ered zone in a direct path toward the surface streams. These samples were
acidified for removal of calcite, and the exchange capacities were deter-
mined by the calcium titration method of Jackson.19 A mean value of
11 £ 1 meq/lOO g was obtained. Overnight refluxing in ™M HNO5 at 8500
showed hydrogen ion consumption of 260 meq/lOO g, which would be sufficient
to cause neutralization of the entire contents of an acid waste tank within
30 £t of the tank. In the case of acid waste, it was assumed that neu-
tralization of the acid by calcite in the formation would result in a cal-
clum salt system, In this system, strontium was assumed to compete with
calcium without selectivity of either ion, though strontium might be
slightly more selectively sorbed than calcium.eo For the sorption of

strontium from neutralized wastes, and for the sorption of cesium and



91

ruthenium, information on the sorption properties of Conasauga shale were
obtained from previous laboratory studies.go_zh

The quality of the ground water was assumed to be similar to that of
Clinch River water, which has a total cation concentration of about 0.002
meq/ml, primarily calcium and magnesium.25 Seepage rates were assumed to
be characteristic of the area surrounding Waste Pit 2, where the average
seepage rate from 1953 to 1958 was 3900 gal/day through an average side-
wall area of 9000 ft2 (ref 26). This corresponds to a mean superficial
velocity of 0.064 ft/day. A mean ground-water velocity of 0.67 ft/day was
used, which implies approximately 10% efficiency of contact between the
shale and solution. If the initial seepage rate were maintained, the
daily seepage rate from the acid waste tank (filled to a height of 35 ft
with 106 gal of waste) would be 2275 gal., The seepage from the neutral-
ized waste tank (filled to a height of 36 £t with 1.25 x 10° gal of waste)
would be 2340 gal.

Dispersion properties of solution in the formation (Fig. o6) were
estimated from the results of a chloride tracer test conducted at the
site.28 These data indicate an effective plate height of 46.5, according
to the notation of Glu.eckaui‘.27

i,2.1 Calculation of Radionuclide Movement

Tn addition to the assumptions outlined above, it was further assumed
that the waste would move longitudinally through a zone 75 £t wide, with
a height equal to the original liquid level in the waste tank, to surface
water at a distance of 200 ft. No allowance was made for lateral disper-
sion, but the spread of the solute was assumed to occur according to
Glueckauf's model for the elution of a band of solute through a linear ion
exchange column. The porosity of the shale effectively contacted by solu-
tion was assumed to be 25%, with a grain density of 2.64 g/ml.

If o lesk were to develop in a waste tank, the amount of solution lost
to the formation would be limited by the ability of the formation to accept
the solution. During percolation of the waste solution, the ground-water
concentration in the zone of migration is increased, returning to normal

when the waste solution is again displaced by the local ground water.
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Movement and dispersion of the specific radionuclides were estimated by
using Glueckauf's model in order to describe the dispersion of the un-
sorbed anions and correcting for retention of the radionuclides by the
formation, as discussed by Inoue and Kaufman.28 However, due to the
changing electrolyte concentration of ground water, the retention factor
is not constant with time. Tn addition, radioactive decay was considered.
The results of calculations for the movement of Sr90 from an acid
tank are shown in Fig. 27. The initial peak in Sr9o activity at the sur-
face drainageway occurs at sbout 1 yr and is due to the relatively slight
sorption of strontium by the shale in the presence of high concentrations
of electrolyte. With time, these high concentrations of salt are diluted
and replaced by fresh ground water, and a second concentration peak occurs
after about 150 yr. The relative magnitude of these two peaks depends on
the total quentity of electrolyte released to the formation. If, after
a leak occurs, the waste solution is pumped from the ground, the initial
rapid movement will not be observed, due to the removal of the excess

90

electrolyte. Furthermore, in the case of Sr”  in an acid waste system,

an appreciable fraction of the total activity could be removed (Table 21).

Table 21. Recovery of Radionuclides from the Soil After
a Lesk Has Developed in a Waste Tank

Percentage Recoverable

Isotope Acid Waste Neutralized Waste
Sr9o 88 <1
05157 2 <1
Ru106 18 20

TFor neutralized waste, the precipitation of strontium, in addition
‘o the increased probability for ion exchange, prevents Sr9o from attain-
ing any significant concentration at the surface drainageways. The high
157

so

affinity of the Conasauga shale for cesium deters movement of Cs

that radiocactive decay occurs before significant concentrations would be
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observed in either acid or neutralized waste systems. The relatively
rapid decay of Ru106 (half-life = 1 yr) would prevent it from attaining
significantly high levels at surface seeps unless a Very extensive leak

were to occur.

4.,2.2 Distribution of Fission Products in the Soil

The distribution of fission products in the soil is important because
of the thermal problems that are likely to result from high concentrations
of activity in a medium that has poor heat-conducting properties. The dis-
tribution of radionuclides in the soil was estimated by using Glueckauf's
expression for the puild-up of activity in an ion exchange column. The
distribution of cesium in the soil was further modified because of its
nonlinear absorption isotherm, which gives a very sharp sorption front.29
The results of these estimations are shown in Figs. o8 and 29. With
90

respect to neutralized wastes, both 05157 and Sr”° are retained close to

the leaking tank, but Ru106 moves through the soil, causing a significant
build-up of activity away from the tank. As to acid wastes, the Sr9o moves
even faster than the ruthenium, and the entire 200-ft seepage zone is

brought to a dangerously high level of contamination.

4.2.3 Conclusions

In a formation similar to Conasauga shale, the slow rate of percola-
tion of the solution, combined with rather high sorptive properties of the
formation (except for Sr9o in an acid waste system), would tend to prevent
the rapid release of large quantities of radionuclides directly into sur-
face waterways. However, this delay would result in the build-up of
activity in the formation to levels that would probably present a serious
thermal problem. The delay time afforded by the formation could be used
for remedial measures, such as pumping ground water from the formation to
recover the unsorbed radionuclides and for preventing further transport of
the fission products.

The absolute values for radionuclide movement that have been calcu-
lated and presented in this discussion should not be considered to be pre-
cise, since the estimates were based on a rather inadequate description

of the site. However, the procedure for making these estimations could be
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applied for any proposed site. Actual tests of seepage and dispersion
at a proposed site employing the layout of the tank system would provide

a more adequate base for such calculations.
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5. DISPOSAL IN DEEP WELLS

5.1 Disposal by Hydraulic Fracturing

5.1.1 Geology of the Hydrofracturing Pilot Plant Site (W. de laguna)

Cores from the Joy No. 1 deep test well, located about 600 ft south-
west on strike from the injection well of the hydrofracturing pilot plant
(well 1), suggested that the injection well would reach the top of the
Rome sandstone at about 1025 ft. The contact was in fact found at 1022 ft,
showing that no structural complexities are present in the shale between
these two wells. The cores also showed the average dip of the Rome and
of the overlying Conasauga shale in this area to be between 10 and 150,
although, as the dip varies from 0 to 300 and is locally even vertical
or overturned, the average is difficult to estimate. However, the cased
observation well (well 2), located 150 £t directly updip from the injec~
tion well and which should therefore have reached the top of the Rome
some 30 to 50 ft higher, found the contact at 1019 ft, only 3 ft higher.
(Depths here are all referred to a common datun, the main flange on the
injection well,) Marker beds found in well 1 at depths of T02, 682, 479,
and 438 ft were found in well 2 at €86, 667, 465, and k21 Tt, that is,
from 14 to 17 ft higher, These beds are all in the gray calcareous sec-
tion of the Conasauga, with the exception of the bed at 702 %, which
marks the upper contact of the red shale, that member into which the
waste slurries will be injected. These differences in elevation corre-
spond to an average dip of about 60 in the gray shale, which is abnormally
low. The upper contact of the Rome is very unlikely to be horizontal.

The cased overburden monitoring well (well 3) is located about 70 ft
north and 50 ft updip from well 2. 1t has been drilled so far only to a
depth of 500 ft. The upper two key beds found in wells 1 and 2 were
reached in this well at depths of 451 and 410 ft, that is, 1k and 11 ft
higher than in well 2, which corresponds to a dip of about 150.

These data warn that there may be an abnormality in the structure
of the lower Conasauga between well 1 and well 2. The most probable ab-
normalities would be: (1) a local gentle monoclinal roll in the regional

structure resulting in flatter dips in this area, (2) a high-angle thrust
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fault between the two wells which would uplift well 1 stratigraphically
with respect to well 2, or (3) a zone of overturned faults and folds.
Possibilities (1) and (2) would have little influence on the fracturing
of the rocks and hence on their use for waste disposal by hydraulic frac-
turing; but, a large overthrust fold, or a zone of rock containing many
small folds and associated faults, might alter the fracture pattern seri-
ously. Observations of surface exposures of the upper Rome and lower
Conasauga in road cuts and outcrops show that gentle monoclinal folds,
sharp overturned drag folds of a wide variety of amplitudes, and small
overthrust strike faults are all common, but the data are too sparse to
determine either the details of local structure or the general structural
patterns.

The two most serious deficiencies in available data are: (1) the
lack of oriented cores (Wells 1 and 2 were not cored.), so that dips can-
not be plotted directly; and (2) the lack of any key beds in the approxi-
mately 300 ft of red shale that lies between the top of the Rome and the
bottom of the "gray shales" of the Conasauga.

This red shale is the section into which the injections will be made,
and it was selected because it is uniform in composition and uniformly
thin-bedded. Coring and logging of closely spaced wells at the site of
the second fracturing experiment failed to locate key marker beds or %o
define the structure in this shale because it is so uniform, and, conse-
quently, no preliminary underground exploration was attempted as an aid
in selecting the site for the hydrofracturing pilot plant. WNo core drill-
ing or logging program within limits of the budget could have proved or
disproved the presence of structures such as major drag folds within the
red shale,

There is, however, some additional information that may be derived
from the geophysical logs run in wells 1 and 2 at the pilot-plant site
and, in particular, from a comparison of the gamma-ray logs, the caliper
(well diameter) logs, the gamma-gamma density logs, and the neutron logs.
Methods used to interpret these logs will not be described here, but the
data suggested low density, enlarged diameter, and apparent high-water
content in well 1 at depths of 950 and 990 ft, probably due to minor
bedding-plane faults, and showed a possible fault at 1016 ft. The logs
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also show low-density readings at depths of 862, 93k, 960, and 975 f%,
but these are associated with apparent low porosity or low hydrogen con-
tent on the neutron-gamma log, and the caliper log shows no significant
enlargement of the well diameter of these depths. If these are faults,
the fault zones are probably thin, and one must assume some such unusual
complication, such as that the faulting had partially dehydrated the clay
minerals in the fault gouge, and that the gouge is sufficiently impermea-
ble so that the clay minerals did not readsorb the lost water. This is
not a convincing hypothesis.

Low density, enlargement of the well diameter, and high porosity
(hydrogen) in well 2 at depths of 1015, 1001, and 982 ft strongly suggest
faults. A low rock density at 967 £t is associated with a normal well
diemeter and what is either a low porosity or a low hydrogen reading.
Again, this could be a fault, but some other explanation is more probable.
Tn well 2 there is also a marked peak in the gamma-neutron log at 860 ft,
although the rock density and well-bore diameter are normal at this depth.
There is a strong temptation to correlate the peak in the neutron-gamma
log at 864 ft in well 1 with the very similar peak at 860 ft in well 2
and to attribute them not to faulting but to a bed that is for some reason
either low in hydrogen or high in some element or elements that yield rela-
tively hard gamma rays after neutron capture.

The core drilling scheduled to follow the first series of waste-mix
injections may answer some of the problems raised by the logging of these
two large-diameter wells. At present what is known may be summarized as
follows:

1. The dip of the beds between wells 1 and 2 is low. This may be
the result of either a gentle monoclinal structure which would, if any-
thing, promote the formation of bedding-plane fractures, or it may be the
result of a more complex structure, which could complicate, even seriously,
the configuration of the fractures that will be formed by the waste injec-
tions. Core drilling after the first waste injections will likely answer
this question.

o, There are zones of weak and probably broken rock in the approxi-
mately 50 ft of shale immediately above the Rome sandstone. These may
well be bedding-plane faults parallel to the contact between the more

[ e e — e N T
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competent Rome and the less competent Conasauga formations. If so, they
represent no problem to the proposed waste injections. They may, however,
have introduced complications into the water-injection experiments de-
scribed below.

3. There is a suggestion that there may be a few faults filled with
tight clay gouge up to as high as 860 ft in well 1, but some alternative
explanation is more probable., There is no evidence of faulting or weak
rock between 860 and 710 ft; so, except for possible drag folds that would
not be revealed by logging, the upper half of the 300 ft of red shale into
which the waste mixtures are to be injected appears to be favorable for

the operation.

5.1.2 Preliminary Water Injections (W. de Laguna)

Water-injection tests were first discussed at a meeting of the Ad-
visory Committee on Waste Disposal on Land of the Earth Sciences Division
of the NAS-NRC, held at Savannah River on December 7 and 8, 1961. The
first report on the second fracturing experiment was presented to the com-
mittee at that time, and the discussion that followed centered around the
committee's admonition that similar results should not be taken for granted
in other areas. Indeed, it was the consensus that each site considered
for disposal by hydraulic fracturing would have to be tested. This raised
the question as to whether relatively inexpensive fracturing tests with
water could be used, if not for a final evaluation, at least for a pre-
liminary screening. The conclusion was that if fracturing with water re-
quired pressures substantially greater than the overburden pressure,
horizontal fracturing could be presumed, though not proved; but, if frac-
turing pressures were less than the weight of the overburden, the fractures
could not possibly be horizontal. Admittedly, there might be tests in
which the pressure would be roughly equal to the overburden, so no con-
clusions would be possible,

An additional incentive for making water-injection tests at Osak Ridge
resulted from development work on waste-cement mixtures suitable for use
in the forthcoming waste injections. The immediate point of interest was
that fluid-loss additives were responsible for about half the cost of the

ingredients in a mix that appeared to have the most desirable properties.
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However, there was no assurance that low fluid loss was desirable or even
necessary. The fluid-loss additives used in the petroleum industry, and
the lsboratory methods employed to test the fluid loss of mixtures, are
both designed for use with rocks, such as sandstones which have permeabil-
ities four or five orders of magnitude higher than the permeability of
the Conasauga shale, These considerations raised the following questions:
(1) Is there £luid loss when water is injected into the lower Conasauga
shale by fracturing? (2) If so, where does the fluid go? (3) Can the
£1uid loss be reduced by the use of conventional fluid-loss additives?

The purpose in making the water-injection tests was to find answers to
these three questions and to observe the results of a series of water-
injection tests in an environment that earlier work had shown would proba-
bly give pedding-plane fractures.

Water Test Procedure.-- Four water injections have been made. The

first three, with clear water into a slot at 986 ft in the injection well
(well 1) at the pilot-plant site, used volumes of 2000, 50,000, and 23,000
gal. The fourth, with 50,000 gal of water containing fluid-loss additives,
was made into a élot in the same well at a depth of 966 ft. The first
test, which was terminated after four days, served primarily to establish
the test procedure used in the later tests. The final phase of the second
and third injections each extended over about 50 days; as to the fourth
injection, the final phase is now in progress.

The test procedure consisted of five phases: (1) injecting the water
(or water plus fluid-loss additive); (2) shutting in the well for 48 hr
and observing the drop in pressure - designated as the "first shutin”
phase; (3) opening the well for 48 hr, but limiting the flow rate to 10 gpm
until the natural flow rate fell below this value, and observing the time
and volume back-flowed - designated as the "piprst backflow' phase; (4) shut-
ting in the well again for ol hr and observing the pressure rise as a func-
tion of time - designated as the “second shutin" phase; and (5) reopening
the well and observing the rate of flow and total cumulative volume re-
covered - designated as the "second backflow' phase.

Results.-- Although the results are incomplete at this writing, it

is possible to draw the following conclusions:
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1. First Phase. In all four tests, the fracturing pressures and
injection pressures were substantially above the overburden pressure,
which is strong presumptive evidence that bedding-plane fractures had
been formed (Fig. 30).

2. ©Second Phase. In all cases, the pressure fell from some higher
value almost asymptotically down to the overburden pressure, although
there was a very slow continued drop after this pressure had been reached
(Fig. 31). Presumably this first shutin phase represents the squeezing
shut of the fracture, which at the close of the injection is held open
by the water, until the fracture walls are sufficiently in contact so
that the water need no longer carry the full load of the overburden. As
the fracture is squeezed shut, the water must be squeezed out, either into
the pores or minute fractures in the rock, or updip by a slow continuation
of the fracturing. In a more permeable and more porous formation the
fluid-loss additives would certainly reduce the rate of flow of water out
into pores or minute fractures, but their ability to measurably reduce
water loss into a far less permeable and porous shale is problematical.
However, the similarity of this and the following phases of the two
50,000-gal injections, with and without the fluid-loss additives, clearly
answers one of the original questions: Whatever the mechanism of fluid
loss, the fluid-loss additives have little influence on its rate and are
probably not required in the waste-cement mixes to be used for the waste
injections.

3. Third Phase. The length of time and the volume back flowed in
order that the wellhead valve could be opened fully varied considerably
between the three major injections and was one of the major factors respon-
sible for the differences in the volumes recovered during the first back-
Tlow phase of the tests (Fig. 32). The volume flowed back until the
wellhead valve could be opened completely and probably represents the
volume that had to be removed in each case before the fracture near the
well had closed back tightly enough to limit the flow to no more than
10 gpm. This volume might be expected to vary considerably, depending on
how smooth or ragged the fracture is near the well. In the first 50, 000-
gal injection (water only), about 7000 gal was back flowed before this

point was reached., In the last injection of 50,000 gal of water containing
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fluid-loss additives, a backflow of only 1350 gal of water was required.
The rest of the backflow curves, when plotted as volume back flowed versus
time, have the same slope but are separated by a volume of 5650 (7000 to
1350) gal. The factors controlling the second and longer part of this
"first back-flow" phase are therefore something other than the conditions
immediately adjacent to the well and were much the same for the three
major injections,

L. TFourth Phase. During the "first back-flow" the pressure of the
overlying rock was forcing the liquid back to and up the well, and there
must have been a pressure gradient along the fracture. When the well is
shut in, the flow continues until the pressure comes to equilibrium at a
value where the pressure in the liquid and the pressure of rock against
rock just suffice to support the weight of the overburden (Fig. 33). The
equilibrium pressure is therefore an indication of the proportion of the
fracture still held open by the contained water. The time required to
reach equilibrium is an indication of two things: +the distances through
which various volumes of water must move to establish this condition and
the transmissivity of the fracture. In the two 50,000-gal injections, the
equilibrium pressure had been reached after 24 hr and was almost identical
for the two tests - 43 psi for the first and 450 for the second. However,
the pressure increased toward the equilibrium value more rapidly in the
second test. Other evidence, including the rates of flow and volumes
recovered during the two back-flow phases, suggest that this fracture is
not more permeable than the other, but rather that the movement of a
smaller volume of water was sufficient to establish equilibrium. The near
identity of the equilibrium pressures is one of the reasons for believing
that the fluid-loss additives had little effect on either the fracturing
or the fluid loss under the conditions of these experiments.

A total of 23,000 gal was recovered during the two flow-back phases
of the first 50,000-gal water injection. If there had been no other fluid
loss from the fracture, the reintroduction of 25,000 gal into the fracture
should have re-established essentially the same conditions present at the
close of the original injection; this is the reason why the third test
consisted of pumping 23,000 gal back into this fracture. So many factors

affect the injection pressure curve that the higher injection pressures
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required to put back the 23,000 gal cannot be explained. ILocal conditions
near the well, quite possibly changed by the additional fracturing or the
movement of rock chips during the second injection, could have changed the
first part of the first back-flow phase of the test and might even have
reduced the total volume recovered during this relatively brief period.
However, the time-pressure curve for the second shutin phase of the
23,000~-gal test rises much less rapidly than the curve for the 50,000-gal
test, and although equilibrium had not been reached at the end of 2k hr,
the pressure at this time was only 316 psi, and the slope of the curve sug-
gests that the equilibrium pressure would be between 350 and 40O psi. The
difference in slope could be explained by several factors, for example, a
lower transmissivity of the fracture, as suggested also by the higher pump-
ing pressures, or by an extension of the fracture updip during the second
injection. But, the lower equilibrium bressure shows that more of the
overburden load was being carried by the rock, so more of the fracture
must have squeezed back together. This in turn shows that the original
conditions had not been re-established by the reintroduction of the

25,000 gal and suggests "fluid loss," although it does little to tell
where the fluid went.

5. Fifth Phase. 1In the last three tests the wellhead pressure
dropped to zero almost immediately, and it was possible to open the valve
completely after only a few gallons had been recovered., The data recorded
was the rate of flow and the volume recovered. The time-versus-rate curves
for the two 50,000-gal injections were almost identical, although this
part of the test runs for 50 days, and the final portion of the curve for
the last test has not yet been completed (Fig. 3Lh).

The flow rate from the 23,000-gal test fell much more rapidly with
time for the first 100 hr after the final flowback was started, but then
the curve flattened and after 900 hr Jjoined and, from then on, followed
the time-rate curve from the earlier test.

A plot of the volume of water remaining in the fracture, either as a
function of time or as a function of the rate of flow, makes it clear that
even if these curves were extrapolated to infinity, a large portion, some-
where between a half and a third of the volume injected, would remain

underground. In the first 50,000-gal test, 10,000 gal was recovered in



RATE OF FLOW (gal/hr)

111

UNCLASSIFIED
ORNL-DWG 63-5008R

100 , , | 1 , 50,000
VOLUMES REMAINING IN WELL
1 ————
90 - /23,000 gol TEST 1 45,000
\\ ™ .ol 2
80 fxC e 40,000
70§ B S 50,000 gal + FL TEST —— 35,000
“Frzsgeo Ll 50,000 gal TEST]
60 s S s LS LRSS A 30,000
=s==cmrm ] ;

50 RATES OF FLOW 25,000
40

\\</50,ooo gal TEST 20,000
30 15,000

\ 50,000 gal + FL TEST
20— | | 10,000
\/23,00090ITEST |
10 \ A THREE CURVES COINCIDE TOO _ ls000
T —_ CLOSELY TO SHOW SEPARATELY
SV O S" pEL Y]
0] i | 1 0
) 200 400 600 800 1000 1200 1400
TIME (hr)

Fig. 34. Water Injection Test Phase 5 Final Backflow.

VOLUME REMAINING INWELL (gal)



112

the 48-hr first back-flow and an additional 15,000 gal in the approxi-
mately 50 days of the second back-flow, at which time the rate of flow

was less than 2 gpm and still declining. A total of 13,500 gal was re-
covered from the 23,000-gal test - 6400 in the first back-flow. The
recovery from the 50,000 gal of water containing fluid-loss additives is
still continuing but will total after 50 days slightly less than 23,000
gal. This final phase of the tests shows, as did the second shutin, such

a striking similarity between the injections with and without fluid-loss
additives that whatever the mechanism of the fluid loss, it is not affected
by the additives, and, consequently, there appears to be little incentive

to use them.

5.1.3 Test of Slotting Operation (W. de Laguna and H. O. Weeren)

In the course of the water injections it was necessary to slot the
casing of the injection well on two separate occasions by using a high-
pressure water-sand jet. Since the method was the same as that planned
for use during regular operations, these preliminary injections offered a
good opportunity to evaluate the slotting procedure and, if necessary, to
modify it.

For the first water test, the sand-water slurry was pumped for 20 min,
then the formation was fractured at a wellhead pressure of 3700 psi. For
the fourth test, the slurry was again pumped for 20 min. This time, how-
ever, a pressure of 4500 psi failed to produce a fracture. It was con-
cluded that the casing had not been penetrated; so, the slotting operation
was repeated - this time for an hour. When pressure was applied again,
the formation fractured at 2000 psi.

The difference that was observed between the fracturing (and injec-
tion) pressures in the two cases leads to the conclusions that for the
first test the casing was perforated but not severed, and, in the initial
operation of slotting for the fourth test, the casing was neither perfor-
ated nor severed., It was only after a much longer slotting operation that
the casing was perforated. If this is indeed so, some modifications of

the proposed operating procedure for slotting will be necessary.
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5.1.4 Plant Construction (R. C. Sexton)

Construction is proceeding on the remaining portion of the injection
plant. The four bulk storage tanks have been erected; the underground
piping has been installed; the foundations of the cells have been poured;
and construction of the cell walls has been started, Figure 35 shows the
progress of construction. Shown are three of the storage tanks, the well-

head, and the lower part of the walls of the wellhead and mixer cells.

5.1.5 Mix Development (T. Tamura. )

During this period considerable attention was directed toward the de-
velopment of cheap mixes that would exhibit acceptable characteristics for
application in the forthcoming waste injections. An economic study of hy-
drofracturing disposal costs showed that mix costs are a very significant
part of the overall cost. Several mixes were developed, and they are
pumpable, have an adequate pumping time, a low-fluid loss, and will set to
form a strong, homogeneous grout. However, these mixes cost about 20 to
55¢ per gallon of waste. The objective of the work, then, has been to
develop mixes whose properties, though not completely ideal in all respects,
meet these principal requirements:

1. The slurry must be pumpable for long enough to complete the

disposal operation.

o, The slurry must set as a homogeneous solid without phase

separation.

Cement Concentration.-- If the amount of cement used with each gal-

lon of waste is increased, the compressive strength of seven-day cured
grout may be increased to at least 1000 psi. This effect is shown in
Fig. 36. Also shown is the cement cost (l¢/lb) per gallon of waste for
different cement concentrations. Quite obviously, if high-strength grout
is desired, up to 15 1b of cement must be used per gallon, and the mix will
be expensive. If a grout strength of about 100 psi can be tolerated, a
mix with 4 to 5 1b of cement per gallon can be used, and the mix cost will
be drastically decreased.

Suspending Agents.-- When a slurry containing only 4 to 5 1b of cement

per gallon of waste is allowed to stand without stirring, a dense settled

phase will form, with a lighter liquid suspension on the top. To take wp
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the excess liquid and to keep the solid phase in suspension, bentonite
is generally added to such lean cement mixes. In waste solutions being
considered for injection, however, the concentration of dissolved ions is
extremely high - in excess of 3 M. Under these conditions bentonite floc-
culates and is ineffective as a suspending agent. Since attapulgite is
known to be a more effective suspending agent in high-molarity salt solu-
tions, 1t was tested and found to be an effective suspending agent and a
good absorber of excess liquid., The most effective form of this material
is attapulgite 150 or attagel 150; several other types of attapulgite
(such as attapulgite RVM or LVMO were as ineffective as bentonite.

Retarders.-- For the experimental waste injections as planned, 8 hr
of pumping time is considered desirable; for future injections, pumping
times of 30 hr or more will be needed. If cement by itself is added to
waste, the cement-waste slurry will set within 1 to 2 hr. Salt, caustic,
and most suspending agents reduce this setting time further. For this
reason it is necessary to add retarders to extend the pumping time.

One of the more promising retarders is calcium lignosulfonate (CLS).
It is relatively cheap for the quantities required to give pumping times
of approximately 30 hr. Another retarder is carboxymethyl hydroxyethyl
cellulose (CMHEC). In addition to their retarding properties, both CLS
and CMHEC are fluid-loss additives. The properties of several mixes
prepared with low concentrations of cement are shown in Table 22. Mixes
1 through € contained 4 1b of cement and 6,6% attapulgite 150 per gallon;
some of these mixes showed phase separation in a few cases. To remedy
this, the amount of cement and attapulgite was increased to 5 1b of cement
and 6.9% attapulgite 150. The higher solid content increased the setting
time for the slurry and hence decreased the pumping time of the mix,

Slurry pumping times are usually measured with a consistometer. That
instrument is not yet available at ORNL, and the vicat test (a measurement
of the depth of penetration of a needle in a slurry) is used instead to
give an indication of the slurry-pumping time. A vicat reading of 70 hr
is nearly equivalent to a pumping time of 29 hr.

A more effective retarder is glucono-d-lactone (CFR-1), the solid
form of gluconic acid. It is not as effective as CIS in reducing fluid

loss but is a much more effective retarder. A 0.2% concentration of CFR-1
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costs about the same as a 1.5% concentration of CLS and gives almost
twice the pumping time (runs 7 and 11 in Table 22). Evaluation of this
retarder is continuing.

Fluid Loss.-- The results shown in Table 22 can be interpreted as
showing that CMHEC is a better fluid-loss additive when used with ben-
tonite than when used with attapulgite 150. These results are probably
misleading, however, since the low fluid-loss values are obtained in
these tests because the flocculation of bentonite results in a high con-
centration of solids on the screen of the testing device and thus inhibits
fluid loss. In an actual rock formation, fluid loss would occur from
both the lower and the upper faces of the grout, and flocculation would
notiinhibit fluid loss. To demonstrate that it was the flocculated con-
dition of the bentonite that was responsible for the low fluid-loss read-
ing, attapulgite LVM (which also flocculates) was used; the fluid loss
was 28 cc, compared with U7 cc for bentonite and 82 cec for attapulgite 150.
It seems that the value of fluid-loss determinations as presently measured
is highly questionable.

Air Entrainment.-- In many of the tests, it was noted that the bulk

density of the slurry was extremely low; the cause of this low bulk density
was the entrapment of air in the slurry. The experience of the cement
industry has been that air entrapment is aggravated by the use of CLS;
hence, slurries were prepared with sodium lignosulfonate (SLs), which has
been reported to give much better results. A significant increase in the
bulk density of these slurries was noted; from about 1.0 g/cc for a slurry
containing CLS, the density increased to 1.3 g/cc with NIS. This bulk
density is still relatively low, since the concentrated waste solution
without additives has a specific gravity of 1.29, The substitution of

SIS for CLS had the undesirable effect of reducing the pumping time. Air

entrapment is still being investigated.

5.1.6 Proposed Experimental Waste Injections (W. de Laguna, E. G. Struxmess,
T, Tamura, and H. O. Weeren)

The experimental program for the first series of injections will con-
sist of four injections in the following order, each injection to be of

40,000 gal of solution:
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An injection of a synthetic waste solution that has the
same concentration and chemical composition as the actual
waste solution is expected to have in 1965, when the waste
evaporator goes on stream., This solution will be mixed
with 2.3 1b per gallon of attapulgite 150 (a drilling
clay) to form a nomsetting slurry. This injection will
not contain any radiocactive materials.

An injection of the same synthetic waste solution mixed
with about 6 1b per gallon of a cement-base mix., This
mix will set with an ultimaste compressive strength of
between 100 and 200 psi - sufficient to fix the waste
solution but probably insufficient to withstand the sub-
sequent coring of the formation. About 30 curies of
Aul98 (2.7-day half-life) will be added so that the grout
sheet can be detected at the observation well.

An injection of actual waste solution mixed with suffi-
cient additional chemicals to make the chemical composi-
tion and concentration the same as for injections 1 and
2. The specific activity of this solution will be about
a fifth that of normal waste. This solution will contain
about 14 1b per gallon of solids, largely Portland cement.
The mix will set with an ultimate compressive strength of
about 1000 psi - more than sufficient to withstand coring
of the formation.

An injection of actual intermediate-level waste solution,
also mixed with about 14 1b per gallon of solids, largely
cement. This mix will also set with an vltimate strength

of about 1000 psi.

Injection 1 is proposed to help to determine how nonsetting mixes

will perform after injection into the shale formations.

Injection 2 will help to evaluate a cheap mix for use with concen-

trated waste solutions and, if successful, will indicate the direction

for future waste mix research.

Injection 3 will be made in order to demonstrate that concentrated

waste solutions can be fixed in an underground formation.

If injection 2
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is completely successful, the results of injection 3 will be somewhat
redundant; but, if injection 2 is less than completely successful, the
results will be quite valuable,

Injection L4 will be a demonstration that actual waste solutions can
be handled in the surface plant, pumped underground, and permanently
confined there. -

After the series of injections has been completed, the formations
will be cored to obtain samples from the grout sheets and to determine

the amount of leakage from the grout sheets.

5.1.7 Hazards Analysis (H. O. Weeren)

A hazards analysis of the proposed fracturing experiments was com-
pleted., It was concluded that the waste solution that would be used in
the first series of injections would be so low in specific activity that
no significant hazard would result. The other principal hazard involved
in the experiments - that of working with high-pressure equipment - was
minimized where possible by installing the equipment in cells.

The major hazard associated with the injections is the possibility
that, during the course of an injection, the fittings at the wellhead may
break off right at the wellhead, thereby permitting some or all of the
waste grout that has been injected into the well to flow back up the well
into the wellhead cell, with no way of shutting off the flow. Depending
on the nature of the bresk at the wellhead, this flow could be up the
tubing string, up the annulus between the tubing and the casing, or up
both the tubing and annulus. The expected maximum flows in each case are
535 gal/min, 1010 gal/min, and 1545 gal/min, respectively, In such an
accident, the grout will be washed through an 18-in. line to the nearby
emergency waste trench. Here the grout can set up and be covered,

The air-borne contamination of Sr9o near the wellhead during such an
accident has been calculated to be five times the MPC for a continuous

a
151 and Rulo6 exposures are

LO-hr-per-week exposure. The equivalent Cs
410% and 2% of the respective MPC_. Since any exposure would be for a very
limited time, the hazard would not be serious.

A rupture of a high-pressure line at any place except at the wellhead

would not constitute a major hazard. The line would be valved off or the
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injection pump would be stopped after, at most, a few hundred gallons
had been spilled into one of the cells. A spill of this size could be
cleaned up quite readily.

This facility shares with the existing waste transfer system the
risk of waste leaking into White Oazk Creek from a leak in the waste
transfer line that crosses the creek. Safeguards include the usual Lab-
oratory procedure of pressurizing the line before each transfer to detect
major leaks, and the monitoring of the creek a short distance downstream
of the crossing.

A caleulation of the hazard resulting from the leak of a considera-
ble quantity of waste solution at a point some distance from the stream
and the subsequent discharge of the waste into White Oak ILake indicated
that the downstream concentration of Sr9o would not exceed 37% of the
137

continuous nonoccupational MPC_; the equivalent concentration of Cs
and Rulo6 would be 2.7% and B.Z%. This would not be a serious risk.

A power failure at the plant site would affect the waste pump, the
water pump, the densometer pump, and the lights. TFailure of these items
would force a halt in the injection but would not cause a serious hazard.
If the power failure were temporary, the wellhead could be valved off
and the injection pump shut down until pumping could be resumed, Alter-
natively, if the power were likely to be off for a considerable time, the

injection could be terminated.

5.1.8 Cost Analysis (H. O. Weeren)

An estimate was made of the probable operating cost of the shale
fracturing plant if operated on a routine basis for the disposal of
400,000 gal per year of concentrated, intermediate-level, ORNL waste so-
lution. This estimate shows that two variables are of particular signifi-
cance - the cost of the mix and the life of the well. Other costs are
either relatively small or fixed, The effect of these variables on the
operating cost is shown in Fig. 37. It can be seen that the proportion
of the total cost attributable to the well cost becomes very large if
the life of the well is less than five years. The factors that limit

well life are not now known with certainty; yet, it seems probable that
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vertical uplift is one such factor. If it should prove to be the con-
trolling factor, the well life will be limited to a fixed number of grout
sheets and can be extended only by injecting larger and fewer batches.
If, for example, the batch size were changed from 40,000 gal to 200,000
gal, the well life would be extended by a factor of 5. It seems probable
therefore that the direction of future work will be toward larger batch

sizes than those now planned.

R N I B s b St R A e o)




124

6. DISPOSAL IN NATURAL SALT FORMATIONS
6.1 Heated Model Room

W. J. Boegly, Jr. R. L. Bradshaw F, M. Empson

A rectangular room, 8 ft wide by 9 1/2 ft deep by 2 ft high, geomet-
rically similar to a mine room, was created in the face of a large pillar
in the Hutchinson, Kansas, mine of The Carey Salt Company to study the
effect of temperature on mine openings. Immediately after the opening
was created, electrical transducer-type strain gages, capable of operat-
ing at QOOOC, were installed to measure the floor-to-ceiling convergence,
the movement of the floor alone, and the convergence of the side walls.

After about 50 days of heating, the strain gages inside the cavity
suddenly showed an apparent increase in the rate of convergence of the
floor and ceiling. Investigation showed this to be due to bowing of the
pipes supporting the strain gage anchor bracket. This bracket is located
in the haulageway, outside of the cavity. Heat from the cavity is caus-
ing a vertical expansion of the haulageway floor, compressing the pipes
between floor and ceiling. To correct for the bowing of the pipes, a
reference-gage measuring the movement of the bracket toward the cavity
was attached to the anchor bracket., The reference gage was installed
after 93 days of heating. This gage indicated that movement of the bracket
was somewhat erratic, and a slip joint was installed on the support pipes,
This was done after 150 days of operation and appears to have corrected
the difficulty. Heating of the mine room model had continued for 215 days
as of October 19, 1963.

After installation of the correction gage and the slip joints, the
cavity closure rates as indicated by the strain gages should be correct;
but, in order to get the total cumulative closure, it was necessary to
extrapolate the deformation curves from 50 days to 93 days. The corrected
cumulative deformations, as indicated by the floor-to-ceiling gages at
the end of 215 days of heating, are shown in Table 23. Shown in the right-
hand column is the deformation rate during the period from 115 to 215 days.
(The value for gage 2 is believed to be too high because of faulty gage
operation,) Also shown for comparison purposes are earlier rates and the

rate prior to heating., It may be noted that the closure rates are now
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less than ten times higher than the closure rates before heating. The
decrease in closure rate with time is still faster than it was during the
background (ambient temperature) period, but it is not yet possible to
ascertain whether the rate will remain above the ambient temperature

closure rate, approach it asymptotically, or fall below it.

Table 23, Closure of the Cavity During Heating

Rate of Movement in Units

of 10 in. in.”t dayt

Cumulative During Heating
Gage Deformation at Prior to
Number 215 days (in.) Heating 30 to 40 40 to 115 115 to 215
(days) (days) (days)
2 1.64 3.1 210 100 Lo
5 1.66 2.8 210 100 17
6 1.66 3.3 210 100 29
8 1.h7 2.9 210 100 17
9 1.25 2.8 170 80 13

6.2 Demonstration Experiment

6.2.1 Critical Path Scheduling (W. F. Schaffer, Jr., and W. J. Boegly, Jr.)

An overall critical path schedule was prepared, based on earlier
critical path schedules for the several phases of the program. Only the
duration of project days required to perform each activity were estimated,
and the schedule assumes that sufficient money and man power were availla-
ble to begin or complete a given activity when scheduled. This assumption
is probably a good one, since most of the procurement, fabrication, and
installation will be done outside the Iaboratory and will not be delayed
by local priority jobs or work stoppages, except perhaps for prototype
equipment, Based on the best available sequencing and activity duration,
the critical path schedule is through the mine renovations and preparation

of the experimental area and shows a project completion date of March 22,
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1965. If additional funds are available in fiscal year 1964, additional
underground work can be done during this period and will result in improv-
ing the schedule by over two months. Additional funds by midyear would
secure and increase the reliability of the schedule with respect to much
of the equipment required for handling the radioactive materials, such as
the shipping carrier, fuel canisters, hole liners, and handling tools,
which currently are delayed by lack of funds. If procurement is delayed

until fiscal year 1965, man-power limitations might be serious.

6.2.2 Renovation of Iyons Mine (W. J. Boegly, Jr., and F. M. Empson)

The Stearns-Roger Corporation was employed to survey the present
Lyons, Kansas, salt mine facilities and to design new equipment required
to increase the hoisting capacity from 3000 1b to { tons. A new headframe,
shaft collar, and man and equipment cages would be required to handle
7-ton loads. They also recommended a general renovation of the hoist
motor, electrical circuits, and safety devices. A competitive-bid con-
tract was awarded to the L. R. Foy Construction Company of Hutchinson,
Kansas, for the construction and installation of the new headframe, shaft
collar, and cages. The bid price was $56,703, and the estimated time to
complete the job was 120 days. Excavation for the shaft collar and head-
frame foundations started on November 7, 1963. ©No access to the under-
ground workings is now available. Tt is planned to again obtain access
to the underground workings during February 1964, although the topside
work will not be 100% complete.

The balance of the topside work at the present shaft is zlso in
progress. To date, new hoisting cables and main shaft power cable have
been purchased and are at the site; new electrical switchgear is in order;
and the area around the shaft has been graded. A contract was let for
the installation of a security fence around the main shaft area. Specifi-
cations are being developed for the installation of a concrete floor in
the hoist house to meet safety requirements,

Below-ground renovations and the design of the experiment are being
detailed. Used mining equipment for the below-ground excavation was pur-

chased for delivery in January 196kL.
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Study of the critical path schedule for the underground cleanup and
mining of the experimental area indicated that both jobs must be carried
out at the same time. A time interval must be allowed before mining
starts so that the remainder of the plastic flow gages can be installed.
To complete the mine preparation on schedule, drilling of the array holes
and thermocouple holes will also have to be started as soon as each room
in the new area is completed.

The diameter of the waste-charging shaft was fixed at 18 to 20 in.
cased inside diameter. A shaft this size can handle calciner pots, hole
liners, and also will serve as another exit from the mine if access to

the main hoisting facilities is not possible.

6.2.% Engineering Design (W. F. Schaffer, Jr.)

Waste Disposal Carrier.-- Specifications for a waste disposal carrier

for underground service and invitations to bid were sent to the leading
fabricators of heavy industrial road equipment. Tt was concluded that

the overall tractor-trailer design should be given to a contractor expe-
rienced in this field in order that the tractor and trailer be compatible
and capable of performing the service required. The radiation shield is
being designed at the Laboratory. Compatibility of the shield and trailer
designs will be assured. The size and weight of the components of the
tractor, trailer, and shield were limited to allow transfer to the mine
for final assembly. The bid was awarded to the Stowers Machinery Company,
Knoxville, Tennessee, representing the Caterpillar Tractor Company and
Athey Products Corporation, a builder experienced in the design of special
trailers.

The prime mover recommended and purchased is a two-wheel rubber-tired
tractor, Caterpillar model 619C. The trailer design is completed, and
detailed engineering design for fabrication is scheduled to start in the
latter part of November.

The detailed shield design is complete and ready for bid. The shield
consists of a vertical cylindrical body with two-piece horizontally oper-
ating doors at both the top and bottom. Nominal overall dimensions are:

3 £t in diameter and 11 ft in height. The body shielding consists of re-

moveble chevron-shaped rings of uncased lead between inner and outer steel
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cylindrical members. Each door is separately powered by a hydraulic
motor, which drives a worm screw through a chain and connection. The
shield is equivalent to about 10 in. of lead and is capable of handling
waste calcination pots nearly 12 in. in diameter and 9 ft long, as well
as the fuel element canisters required for the demonstration.

Safety features include mechanical and electrical interlocks which
prevent accidental or careless operation of the doors during movement of
the transporter through the mine, The trailer will be locked automatically
in position at the time the door control mechanism is activated. The
shield can be moved within a 3-ft-diam cirecle to align it over the waste
disposal hole., The shield will move vertically from the center position
a distance of 1 £t in either direction.

The shield positioning, the door operating mechanism, and the winch
can be remotely operated from an extension control panel. The doors and
winch will normally be remotely operated because of the difficulty of
preventing radiation streaming between the shield and the salt without
the use of shadow or floor and roof recess shields.,

A unique safety feature to prevent upset or collision damage in case
of a tire blowout employs a metal wheel with a solid rubber tire within
each tubeless tire. The size is chosen so that normal tire flexures are
permitted without touching the inner wheel, but the inner wheel is of
sufficient size when in contact with the floor to prevent instability of
the wvehicle.

The vehicle was designed to withstand a 10-g impact without destroy-
ing the structural integrity of the transporter or shield. The forces
applied to the shield under a 10-g collision will be reduced to 3 g's by
hydraulic shock absorbing cylinders.

Completion of the vehicle is scheduled for May 196L.

Shipping Cask.-- Design drawings are almost complete for the conver-

sion of the SRE shipping cask for handling ETR fuel. The modifications
include one new short body section to replace an existing longer section,
the addition of a charging door in the front bulkhead of the cask, the
filling with lead of a spacer ring used in the SRE modification, the addi-
tion of external cast steel shielding in the central section of the cask,

and a new water-cooled magazine for holding the seven fuel canisters.
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The magazine presented the most difficult design problem because of the
space limitations imposed by the internal cavity of the cask and the re-
quired diameter of the canister shield plug. The modified cask will have
the equivalent of 10 in. of lead shielding and will weigh about 35 toms.
Final drawings will be released after completion of the stress anal-
ysis of the cask and approval of the cask in accordance with the proposed
Federal Shipping Regulations (Title 10, Code of Federal Regulations,
Part 72). Hazards evaluations of the shipment of the fuel to the mine
are well advanced. The hazards report is scheduled for completion in
December 1963.

Tuel Element Canister.-- The design of the fuel element canister is

complete, and the fabrication of two prototype units for test and evalua-
tion is in progress. Delivery of the two prototypes is scheduled for
early December 1963.

The design of the canister has been radically changed from the first
concept. The canister employs a uranium shield plug to reduce the radia-
tion "shine" from the storage hole to permissible levels. Four thermo-
couples brazed together in a flat ribbon measure temperatures at the center
regions of both elements.

The center closure design was replaced by an end closure, The pri-
mary seal is welding of the joint, and a copper seal ring is used as a
secondary hermetic seal. Remote assembly methods were simplified by
redesign of the thermocouple and closure. Both elements can now be in-
serted from one end of the canister on internal track guides. Preliminary
review of the drawings by the Phillips Petroleum operating personnel at
Tdaho indicate that no difficulty should be encountered in remotely load-
ing the canisters.

Hole Liner.-- The design of the hole liner is nearing completion.
Considerable improvement has been made in the present design over the
earlier concepts. The liner now consists of two main assemblies to per-
mit removal of the lower section for replacement of heaters and thermo-
couples during the course of the demonstration. The new design also
permits removal of the lower liner and fuel element canister as a unit,
in the event that an unforeseen incident prevents removal of the canister

alone from the liner. The earlier design, based on estimated salt pressures
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on the liner of 3500 to 5000 psi, required a heavy-wall tube, which re-
duced the radiation to the salt. The main feature of the new design is
an air annulus around the lower section to avoid the salt pressure and
corrosion problems on the liner, heaters, and thermocouples.

The movement of the salt toward the liner will be measured. At a
designated closure, the lower liner can be withdrawn, the hole reamed to
a larger size, and the liner replaced, This method rermits the use of a
light liner of relatively inexpensive construction using standard mate-
rials of construction for the liner, heaters, and thermocouples. Special
sheath material for the heaters alone would have been very expensive. The
upper section of the liner will be standard, high-strength, oil-well
casing. Standard junction boxes will be provided for thermocouples and
heater connections. (See Fig. 38 for a diagrammatic sketch of the hole
liner installation.) One prototype unit is scheduled for fabrication
during December 1963,

6.2.4 Experimental Design (W. J. Boegly, Jr., and R, L. Bradshaw)

It is anticipated that about 450 thermocouples will be installed
around the three arrays and the heated pillar. Two lhh-point data loggers
will routinely record temperatures from the experimental area. Critical
temperatures (such as those on the fuel assemblies) will be printed on
12-point recorders. Some of the thermocouples in the salt will not be
connected to recording equipment but will be read in place. The metal-
sheathed thermocouples will be inserted in plastic or Teflon tubes in the
salt, The tubes will allow easier changeout of thermocouples should a
unit fail, and, since the sheath of the thermocouple will not be in con-
tact with the salt, a less expensive metallic sheath can be used.

One of the most important aspects of the demonstration experiment is
to determine the effect of heat and radiation on the plastic flow of salt
and the resulting effect on the stability of the mine. In order to obtain
background information on room closure in the Lyons mine for safety pur-
poses, and also to obtain pre-excavation flow rates, a number of plastic-
flow measuring stations were installed. The majority of the gages now
installed are around the shaft bottom and along the access corridor. Since

the hoist will be out of operation during the time that the headframe is
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stress distribution around an isolated rectangular opening with rounded
corners,50 but, for multiple openings, stress distributions are known
only from photoelastic .4 photostress model tests. Since stress causes
strain, but is itself altered by strain, both stress and strain will be
intimately related in any theoretical solution of the creep and load-
transfer problem. At this time it does not seem possible to obtain a
theoretical solution., It is thus pertinent to examine the available ex-
perimental information on salt to determine if it is possible to arrive
at an empirical solution.

Very 1ittle has been published on the effects of stress and tempera-

ture on the creep of rock salt., The three most useful sources are the

31 33

Serata, the ILeComte thesis data,32 and the Corps of Engineers' report.
Unfortunately, none of the investigators used the same test conditions,
and there were few samples tested at elevated temperatures. Serata used
cubes of rock salt and tested under uniaxial conditions, both with and
without friction reducers on the ends of the samples. He presented data
for only one test at an elevated temperature. IeComte used samples pre-
pared by compressing granular salt. Only three of the elevated tempera-
ture triaxial tests run by LeComte could be compared with control tests
at ambient temperature. Only three of the Corps of Engineers' tests at
elevated temperatures were not subject to question, and these three were
all at the same temperature. Their tests were run on drilled cores taken
from the Tatum salt dome.

LeComte ran five samples under the same conditions to test reproduci-
bility. From his results, plus the results of the other investigators, it
must be concluded that creep rate variations of less than a factor of 2
from one set of conditions to another may not be significant.

Due to the varied testing conditions and the variability of the sam-
ples, it was concluded that only an approximate analysis of the stress and
temperature effects on creep could be made. This can best be done by tak-
ing the ratios of the creep rates at various stresses to that under the
same test conditions at some reference stress and by taking ratios of
creep rates at various temperatures to that at ambient temperature.

The effect of axial stress on creep rates at ambient temperature is

shown in Fig. 40. It should be pointed out that there is some uncertainty
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replaced, the rest of the gages will be installed early next year., It is
anticipated that all gages will be installed by the time mining starts on
the experimental area,

Three basic types of gages will be used for strain measurements in
these studies. The first gage (Fig. 39) is used to measure the conver-
gence between the floor and the ceiling, or between columns. The ends of
the gage are located a sufficient distance into the salt to eliminate
erroneous readings due to surface spalling. Readings are taken by in-
serting a dial gage between the reading cups. The second type of gage
is used to measure the floor-to-ceiling squeeze in the pillars. The ends
of the gage are mounted in the columns in horizontal planes, and readings
are obtained in the same fashion as for the floor-to-ceiling convergence
gages (Fig. 39). The third type of gage (Fig. 39) was developed and fur-
nished to us by Professor Potts of the University of Newcastle-Upon-Tyne,
England, and allows a number of strain measurements to be made in a single
borehole. This type of gage is used to make strain measurements into the
salt at depths up to 120 ft. Basically, the gage consists of wires or
tapes connected to anchors set at various distances into the salt and to
a metal reference plate fastened to the surface of the salt. To measure
the strain, a special reading device is fastened to this plate, and each
tape or wire is preloaded to a known tension and the flowage determined.

At various locations in the mine, stress changes produced by excava-
tion and heating will be monitored by "stressmeters" developed by Profes-
sor Potts. This information, plus the strain measurements should provide
sufficient information to describe what is happening in the mine before
the experiment is started, and what effect the heating has on the stability

of the mine.

6.3 Prediction of Effects of Stress and Temperature
On Creep in Salt Mines

R. L. Bradshaw

At present there exists no general solution for creep of salt in even
the simplest configurations. For multiple rectangular openings, such as
found in a mine, theoretical solutions do not even exist for stress distri-

butions assuming elastic behavior. There is a solution to the elastic
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in some of the points shown on the curve and the fact that five of the
seven points fall on the curve is apt to be misleading. It should also
be mentioned, however, that there is other evidence that supports the
existence of a power function relationship between axial stress and creep
rate,

Figure 41 shows the effect of temperature on creep rates. The two
points taken from the IeComte data at thoC indicate that increasing the
confining pressure decreases the creep rate, Although the two creep rates
differ by only a factor of 2, there is reason to believe that this aif-
ference is real. Serata'’s point at thoC is believed to be too low be-
cause this was a test with a friction reducer on the ends of the sample,
Serata's data show that at ambient temperatures a friction reducer in-
creases the creep rate considerably, but it is believed that friction
reduction will be less important at thOC; thus, the creep-rate ratios
with friction reducers would be low when compared with the ratios for
samples without reducers.

Handin and Hager (Shell Development Company, 1958)3u measured the
ultimate strength and yield stress of artificially grown crystals, under
2000 bars confining pressure, at 2Lk, 150, and BOOOC. These crystals had
approximately the same dimensions as the samples tested by LeComte, and,
thus, their behavior might be similar to the behavior of the LeComte sam-
ples. Figure 42 is adapted from Handin and Hager, the ultimate strength
curve being constructed from the average of the tabulated values for the
two samples tested at each temperature. The yield strength values were
not tabulated, so points were obtained from the curve in their report.

It may be noted from Fig, 42 that the wltimate strength falls sharply with
increasing temperature, approaching the yield strength somewhere around
300 to 400°C. The yield strength drops about L0% between 2k and 300°c.

A possible hypothesis to explain the effects of stress and tempera-
ture on creep rates is that the relationship between creep rate and axial
stress always follows the same power law, with the curve (Fig. 40) merely
being shifted along the stress axis as the ultimate strquth of the salt
changes due to temperature. If this hypothesis were found to be true,
then it seems likely that the same relstionship would hold for salt of dif-

ferent origins having different ultimate strengths at the same temperature.
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Tn order to test this hypothesis, the curves of Figs. 40 and 42 were used
to derive the theoretical curve, shown as a solid line in Fig. 41. This
curve appears to give a reasonable fit to the experimental data and thus
tends to support the hypothesis.

The theoretical curve in Fig. 41 should apply to salt under triaxial
conditions, that is, with confining pressure; moreover, it is known that
pillars in a mine behave in a manner similar to that of triaxially com-
pressed samples. For example, pillars in mines, where the salt has a
uniaxial compressive strength of 3000 to 4000 psi in a conventional test
of a cubical sample, actually support loads of up to 8000 psi. Thus, it
is believed that the curve of Fig. 41 will give approximate values for
creep of mine pillars if the creep rate at ambient is known. The hypothe-
sis is such that the creep-rate ratio, as a function of temperature, is
independent of the axial stress, and, thus, the curve of Fig. 41 should
theoretically apply for any axial stress which is below the ultimate
strength of the salt at the temperature in question. For example, ele-
vating the temperature of a mine pillar, stressed at 1000 psi, to 1OOOC
would increase the creep rate about fourfold. Elevating a pillar which
was stressed to 2000 psi would also produce a fourfold increase in creep
rate; however, the 2000-psi stressed pillar would have a creep rate at
ambient about 6-1/2 times as great as that of the 1000-psi pillar at
ambient. This stress independence is because the curve of Fig. 41 is
assumed to hold up to the ultimate strength of the salt. That this is a
reasonable assumption is supported by unpublished data of Serata35 and
L. 0bert36 on laboratory tests of scale-models of mine openings.

The creep rates represented by the data points in Figs. 40 and b1
were measured at times of 10 days or less. Serata showed that it is pos-
sible to predict creep rates in mine pillars at ambient temperature by
extrapolation of creep rates of scale models. He found that the creep

rate can be expressed by:

where

¢ = a constant for a particular salt,
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t = time,

n = a constant,

Thus it is seen that the creep rate will plot a straight line of slope n
on log-log paper. The term "n" has been found to range from about 1 to
0.8, tending toward the lower value as the pillar load approaches the
ultimate strength of the salt. It would thus be expected that the slope
of the curve in Fig. 40, and thus the curve in Fig. 41, would become
steeper with time. The dashed curve in Fig. 41 shows the temperature
effect which would be expected in a mine pillar if it were to be heated
after the opening had been created for 100,000 hr (11.Lk yr).

As an example of the application of the foregoing, take the area in
the south end of the Hutchinson mine where gage station 3 is located.

The floor-to-ceiling convergence rate is about 0.17 in. per year, 10 years
after the opening was created. The calculated pillar stress in this area
is 2600 psi (75% extraction). If the creep rate were to remain fixed
(presumably, it is still decreasing with time), the rooms would close in
about 700 years. If the temperature of the pillars were to be elevated
to lOOOC, the rooms would close in less than 100 years, based on the the-
oretical temperature effect at 100,000 hr, as indicated by the dashed
curve in Fig. k1, At lSOOC, closure would take place in less than 25 years.
At 200°C the pillar load of 2600 psi exceeds the ultimate strength

(Fig. 42), and the area would be expected to close by rapid plastic flow
as the temperature approached QOOOC. As another example, assume a mine
at a depth of 3000 ft with an extraction of 50% (pillar load 6000 psi).

In this case, the temperature could not be allowed to exceed about 75°C
without causing pillar failure,

The fact that the pillars will flow and that the rooms will eventually
close is not, in itself, of any particular concern in the operation of a
facility for the burial of solid radiocactive wastes. In fact, complete
closure of the salt around the wastes is desirable from the standpoint of
long-term safety. The only concern is that the rooms do not close so
rapidly that operations are disrupted before an area has been completely
utilized, and, that in flowing, the pillars do not transfer a significant
part of their load to other parts of the mine through beam action of the
roof. Excessive load transfer could result in failure of other, as yet
unheated, pillars.
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It is concluded that it is possible to make empirical predictions
of the effects of stress and temperature on creep in salt-mine pillars.
It appears that sufficient laboratory data can be obtained by testing
scale-model pillars at several different stresses at each of several dif-
ferent temperatures, including ambient. (The tests should be run for a
minimum of 10 days in order to permit the extrapolation of creep rates
out to several years.) Tt will still be necessary, however, to continue
to make in situ measurements in the mines in order to verify predictions
based on laboratory models and in order to clarify some uncertainties as
to creep behavior in openings that are several decades old.

It should be pointed out that the foregoing section assumes a rela-
tively homogeneous salt, such as is found in salt domes., If there are
shale bands of appreciable thickness in the pillars or in the formation
just below the floor or above the roof, other factors will modify these
conclusions. It should also be pointed out that being able to predict
creep rate as a function of temperature and pressure does not necessarily
imply the ability to predict the effect of the creep rate on the overall
stability of a mine. Specifically, the question of load transfer, due o
the flow of the pillars, cannot be answered by means of the model tests

referred to above.

6.4 Radiolytic Production of Chlorine in Salt

H. Kubota

During the course of the radiolysis studies, finely ground salt was
found to produce more oxidizing agent per unit weight than unground salt.
Since the grinding could have introduced strains and flaws to the crystals,
the powder was annealed at 250 and SOOOC for 25 hr before irradiation.

The annealed and irradiated powders still showed greater production of
oxidizing agent (Table 24). This indicated that the oxidizing agent pro-
duced in a crystal is partially a surface effect. In order to test this
hypothesis, large crystals of sodium chloride were grown in the laboratory
and irradiated. These relatively strain-free crystals showed the same
degree of oxidizing power as the original reagent-grade material. It is

tentatively concluded that the amount of oxidizing power created within
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salt is independent of the size and surface area of the crystals per unit
welght, but stresses and strains imparted to salt increase the total ox~
idizing power. Thermal annealing of ground powder for 25 hr was not suf-

ficient to remove all the damage caused by the grinding.

Table 2k, G Values for the Production of Oxidizing Agent

Synthetic
Dose < 100 Mesh < 100 Mesz Large
(rads) C.P. Crystals (ground) (annealed”) Crystal
6 -2
3.2 x 10 4.7 x 10 0.147
107 6.8 x 1072 3.7 x 10°°
3.8 x 108 > x 1070 6 x 107 2.1 x 1072
107 1.1 x 1077 b5 x 1077

®pnnealed 2L hr at SOOOC.

6.5 Thermal Stability of Salt

H. Kubota

Salt samples from France and England were heated to see whether they
would shatter at elevated temperatures, similar to most of the bedded salt
found in this country. The sample from France shattered at 23700, while
the English sample shattered at 25200. Since only one sample was used in
either case, it is not conclusive that European salt has a significantly
lower shattering temperature than most of the American salt (260 to BOOOC).

It does show, however, that occluded water is found in most salt beds.
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7. CLINCH RIVER STUDY

7.1 Dispersion Due to Power Releases

P. H. Carrigan, Jr.* B. J. Frederick¥ F. L. Parker

During the recent summer months a series of tracer tests were con-
ducted to study the effects that the peaking power releases of water from
Melton Hill Reservoir will have on the dispersion in the Clinch River of
radioactive releases originatiqg from White Oak Iake. The electric-
generating equipment is not yet fully installed at Melton Hill Dam, and,
as a consequence, the variation in flow for the tests was simulated by
releases through the spillway gates at the dam.

The first tracer test with steady releases from Melton Hill Dam was
preliminary in order to determine the quantity of tracer needed in suc-
ceeding tests and to assess the reliability of instruments under field
conditions. Subsequent tests were run with the typical pattern of summer
water releases. The discharge hydrograph for a week of such releases is
shown in Fig. 43.

The regulated flow through the gates of Melton Hill Dam was obtained
through the co-operation of A. J. Cooper and M, A. Churchill of the Ten-
nessee Valley Authority.

The three tests made under summer power release conditions differed
largely in the procedure of injecting the tracer. In the first of three
tests, the fluorescent dye tracer, "Rhodamine B," was injected instantane-
ously in a line across the Clinch River at the mouth of White Oak Creek.
Tn the second test, the dye was injected continuously for 2L hr into the
nappe at White Oak Dam. In the third test, the dye was injected continu-
ously for i week into the nappe at White Oak Dam.

The dispersion with time which occurred in the Clinch River during
the latter two tests was very similar to the expected dispersion of radio-
active wastes from White Oak Creek when power generation begins at Melton

Hill Dam. At the time that flow suddenly began in the river, a rapid rise

%0n loan from Water Resources Division, U.S. Ceological Survey.
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in river water level occurred at the mouth of White Oak Creek. As a
result of the increased water level at the creek mouth, an adverse hy-
draulic gradient was created in the creek from its mouth to White Ozk

Dam; and an upstream flow occurred. For a considerable part of the time
that water was being released through Melton Hill Dam, there was little
flow from the creek into the river. At the cessation of the release, the
water level in the river suddenly dropped, and a sudden rush of water from
White Oak Creek embayment took place. A discrete pulse of dye accompanied
this rush of water from the creek. Because there was no flow in the river,
the dye mass remained close to the mouth of the creek.

The progressive spreading of the dye pulse in the stilled river was
observed by means of aerial photography. In Fig. bk the extent of visi-
ble dye after the cessation of water release is shown.

At the beginning of the next water release, the slug of dye in the
river was swept downstream as a reasonably intact mass, and flow up White
Qak Creek again occurred.

Two pulses of dye were injected into the river each weekday., For at
least their first 6.4 miles of travel downstream from the mouth of White
Osk Creek, the individual pulses of dye could be identified.

The ebb and flow of water in White Ozk Creek embayment due to the
power releases is much the same as flow in a tidal estuary. With tech-
niques of tidal flow analysis, it was possible to compute the maximum
magnitude of concentration of the dye pulse at downstream sections in the
river and to determine the travel time of the pulse to these sections. A
comparison of predicted and actual times of arrival are shown in Fig. U5.

The last test of the series, in which dye was released for 168 hr,
began at 0100 hr on August 21. At 2100 hr on Friday, the week-end shut-
down of water releases occurred. The shutdown, with no flow in the river,
continued for 58 hr until 0700 hr on the following Monday. Flow of water
and dye from the creek into the stilled river commenced soon after the
shutdown began. The release of dye continued wntil startup of flow on
Monday morning. On Sunday afternoon, at about 1500 hr, aerial observation
of dye spreading was made. It was observed that a continuous mass of dye
extended from CRM (Clinch River Mile) 20.0 to CRM 22.5; the mouth of White

Ozk Creek is at mile 20.8. It was also observed that another discrete
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mass of dye was centered about mile 18.5. The mass at mile 18.5 was the
pulse created by the first release of water on Friday.

As a result of the large-scale release of dye on the week end, con-
siderably greater concentrations were observed on Monday of the second
week at an observation section at Gallaher Bridge sampling site, 6.4 miles
downstream from the mouth of White Oak Creek. The variation in dye con-
centration with time at this sampling site for the test period is shown
in Fig. L6,

The twice-daily pulses of dye from the creek occurred on several
weekdays during the test period of about 1000 and 1145 hr at the Gallaher
Bridge observation station. Increased concentrations began at this sta-
tion on Sunday afternoon. When there is no release from Melton Hill
Reservoir, upstream flows could occur because of river control operations
in the Tennessee River, re-establishment of thermal stratification in the
Clinch River, or as a result of a combination of both processes. These
upstream flows, though minor, could move a mass of dye short distances.

It is believed that the mass of dye that passed the section at Gallaher
Bridge at 1145 hr on Friday of the first week was slowly moved upstream
during the week end and remained almost stagnated at the sampling site,
beginning on Sunday afternoon. During the second week of the test, the
mass of dye passing the site at 1145 hr stagnated about 2 miles downstream
because of cessation of release from Melton Hill Reservoir.

The peak concentration that occurred on Monday of the second week of
the test represents the critical condition in so far as dispersion of
radioactive wastes are concerned. On the basis of the concentration of
tracer injected at White Oak Dam and the peak concentration otserved or
Monday, the effective dilution at the Gallaher Bridge sampling site is
computed to be 50. The median dilution of White Oak Creek releases b
Clinch River water for the period of 1950 to 1960 has been 570 (ref 37).
At the Gallaher Bridge station the radionuclide concentration in river
water during the last few years has been less than 1% of the maximum per-
missible occupational concentration. On the basis of the dye tracer test,
the dilution due to power release will be decreased by a factor of 11.

It is thus tentatively conecluded that the radionuclide concentrations at
Gallaher Bridge would remain below MPCW during the summer months when

power releases from Melton Hill Reservoir are begun.
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7.2 Analysis of Clinch-River-Bottom Sediment Cores
Collected in 1962

R. J. Pickering¥* P. H. Carrigan, Jr.¥*

Scanning of Clinch-River-bottom sediment cores collected during
June, July, and August, 1962, for gross-gamma radiocactivity was completed.
The scans demonstrate that the greatest thicknesses of radioactive sedi-
ments occur in the lower reaches of the river, downstream from CRM 1L,

The single core showing the greatest thickness of radioactive sediment,
8.7 ft, was obtained at CRM 7.5. Sampler penetration, core recovery, and
variations in gross-gamma radiocactivity with depth at that cross section
are shown in Fig. 47, .

It can be seen from Fig. 47 that most of the radioactive sediment
has been deposited on the more gently sloping side of the stream channel
(note the vertical exaggeration). A recurring general pattern of varia-
tion of radiocactivity with depth can be observed in several of the cores
from CRM 7.5. The same general pattern is exhibited by a number of cores
from other cross sections in the lower portion of the river. It is be-
lieved that certain features of this general pattern may be correlated
with past events in waste-disposal operations at the Laboratory. However,
additional data on the distribution of individual radionuclides with depth
in the sediments are needed before such correlations can be established
positively.

The radioactive portion of each core, as determined from the gross-
gamma scans, will be mixed and sampled for radionuclide analysis to deter-
mine the total content of each of the major radionuclides in Clinch River
bottom sediments,

Spectra of each 2-in. increment of the radioactive portion of selected
cores will be obtained to determine the distribution with depth of the
gamma-emitting radionuclides in the bottom sediment and to provide infor-
mation on which to base correlations of their distribution in the cores

with past events in waste-disposal operations.

*On loan from the Water Resources Division, U.S. Geological Survey.
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The primary purpose of the geochemical study of the cores is to
determine the chemical forms in which the radionuclides exist and, there-
by, the mechanisms by which they are incorporated in the bottom sediments.

The particle-size distribution, mineralogy, and cation-exchange
capacities of the samples will also be measured. The interstitial water
contained in the sediments will be extracted, and the distribution of
stable and radioactive chemical constituents between the liquid and solid
phases will be determined.

A diagrammatic representation of core-processing plans is shown in
Fig. L8.

7.3 Radionuclide Desorption from Clinch River Sediments

T. Tamura W. P. Bonner

To understand the behavior and the mode of retention of radionuclides
associated with sediments in the Clinch River, desorption studies were made
with naturally contaminated, as well as artificially contaminated, sedi-
ments. The results of desorption tests of sediment from the mouth of
White Oak Creek (CRM 20.8) Were8reported earlier for the radionuclides of
3 90

cobalt, cesium, and ruthenium, Desorption results for Sr”  on aliquots
from the same sample have been obtained, and the results are shown in
Table 25. The sediment contained 2400 dis/min/50 g, based on the oven-
dried weight of Sr9o.

As shown in Table 25, 11.0% of the strontium was removed by tap water;
this corresponds to a Kd of 65, which may be compared with Kd’s ranging
from 62 to 145 for sediment samples from different sections of the Clinch
River. Of the solutions used, the most effective desorbing agent is tap
water acidified to pH 2 with HNO5 or HCl; the acid solution is even more
effective than 1 M CaClE, KCl, or NaCl at near neutral pH. It should be
pointed out that removal of 30 to 75% of the strontium by the different

salt solutions is higher than the removals observed for Co60, Cs137, and

Ru106 by these same solutions. It is also apparent from the data that pH
has a very important influence on the desorption of strontium; the more
acid solutions remove more strontium both in highly salted solutions and

in tap water systems than do less acid solutions.
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Table 25. Removal of Strontium from Clinch River Sediment
By Various Solutions Prepared from Tap Water

50 g (oven dried) CRM 20.8
hOO ml1 solution
2h-hr contact

Percentage
Strontium
Reagent Concentration pH Removed
Tap water 6 (HJ\I03) 21.3
Tap water 2 (HNOB) 80.9
Tap water 6 (HCc1l) 19. 4
Tap water 2 (HC1) 89.9
Tap water 7.7 (Natural pH) 11.0
NaHSOB 0.1 M 6 37.7
KQCrQO7 0.1 M 5.9 73.1
CaCl2 0.1 M T 58.€
CaClE 1.0 M 7 T€.9
NaCl 0.1 M 6 39.2
NaCl 0.1 M 8 30.1
NaCl 1.0 M 6 €3.1
NaCl 1.0 M 8 56.0
KC1 0.1 M 6.2 53.0
KC1 1.0M 6.2 £8.7
NaOH 8 £.0
NaOH 12 L,9
NHMOH 8 20.0
NHhOH 11.8 3.5
Ethyl < 1.0

alcohol
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7.3.1 Strontium Desorption from Artificially Contaminated Sediment

To better understand the nature of the retention of strontium by
sediments, desorption studies were made by contaminating sediments arti-

ficially in the laboratory. A sample from CRM 15.3 was first contaminated

with Sr85

this gives a Kd of 85, a reasonable approximation of the Kd of Sr9o on the

naturally contaminated sediment. The sample was leached with the solu-

in tap water at pH 8. About 6% of the strontium was sorbed;

tions listed in Table 26. The desorption characteristics of the strontium
sorbed at pH 8 is similar to the behavior observed with the naturally

contaminated sediment; a slight difference is the greater effectiveness

Table 26. Equilibrium Sorption and 45-hr Desorption of 1.0 g
of CRM 15.3 Sediment in 100 ml of Tap Water at Indicated pH

Sorption pH
8 10.8 10.2% 10.1°
Sorption (%) g, 2 93,2 94,1 68. 14
Desorption (%)
Tep H,0; PH 2 (H]\IOB) 96.3 95.3 100 89.3
Tap H0; pH 12 (NaOH) 1k, 7 5.1 3.6
1 M CaCl,, pH 7 97.8 68.8 61,2 5.8
1 M NaCl, pH 8 90.2 83.0 100 85.3
a 85

95 ml tap water + 5 ml simulated waste + Sr ~.

b95 ml tap water + 5 ml simulated waste + Sr85 (no sediment
added).

of CaCl2 over pH-2 tap water in removing strontium from the artificially
contaminated material.

Sorption from a tap water system at pH 10.8 revealed that a much
larger percentage of the strontium was sorbed (95%). The Kd for strontium
at this pH is about 1300, compared with a Kd of about 220 or about 155 for
the naturally contaminated system at pH 12, using the data for either
NHhOH or NaOH presented in Table 25. This suggests that another mechanism
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is likely operative at this PH for removing strontium; and from observa-
tions and considerations of the system, it is apparent that CaCO3 was

being formed and was responsible for the much higher removals. The re-

moval may be illustrated by the following equation:

Ca(HC05)2 + 20H - CaCoO_ + 2 HEO + co5 .

)
In desorption tests for strontium, CaCl2 was not as effective as pH-2
tap water and even 1 M NaCl solution (Table 26).

Almost identical sorption and desorption responses were noted for
the sediment when placed in a simulated waste solution containing dissolved
ions normally found in intermediate-activity wastes.

Data on the removal of strontium simply from diluting simulated waste
with tap water is shown in Table 26. TNo sediment is present and the pH
is 10.1. The removal of strontium by the fine colloidal precipitate aver-
aged 68.4%. Calcium chloride is an ineffective desorbing agent for this
precipitate, An explanation of the different behavior of strontium sorbed
at pH 8 and 10 from tap water systems may be given by considering the
following reactions:

ca”t + Sr-Clay 2 srot . Ca-Clay , (1)
Sr-CaCO; 2 sr7F + ca®t 4 0032' . (2)

Since the pH of the tap water was about 8, sorption of the strontium
by the sediment was primarily by ion exchange since the Ca(HCOB)Z is not
affected and no CaCO5 is expected at this pH. When calcium or other ca-
tions are introduced to the Sr-clay system, the exchange of ions occurs
and the sorbed strontium is desorbed, as shown in reaction (1). At the
same molarity concentrations, calcium would be expected to be more effec-
tive than sodium, as evidenced by the response shown in Table 26, column 1.

When sorption of strontium occurred at PH 10, strontium was sorbed
not only by the clay but on the Precipitate of calcium carbonate. When
CaCl2 salt solution at neutral pH was added, the strontium on the ion-
exchange complex was displaced (reaction 1); but the strontium on the

precipitate was not. The ineffectiveness of the CaCl2 can be explained
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by reaction (2), whereby release of strontium is associated with the

dissolution of CaCO The dissolution of CaCO5 is repressed by the high

Ca®t concentration ?‘rom the CaCl,, which drives reaction (2) to the left,
even though the pH had been decreased from 10 to 7. However, with sodium
chloride solution, it would not repress the solubility by the common lon
effect; and the reduction in pH would be expected to result in the redis-
solution of CaCOB.

The use of these desorbing agents may provide a basis for identify-
ing strontium sorbed on CaCO3 and on clay exchange sites in sediments.
Thus the results shown in Table 25 suggest that a portion of the strontium
is associated with CaCO5 in the naturally contaminated sediment. This
tentative conclusion is reached, since less strontium was removed by CaCl2
than by pH-2 tap water when the naturally contaminated sediment was tested.
If all the strontium had been in ion exchange sites, more of the strontium

would have been removed by the CaClQ.

7.4 Hazards Analyses

K. E. Cowser

The discharge of radioactive solutions to the Clinch River may result
in exposure of man to ionizing radiation. Calculations have been made of
likely dose received due to exposure pathways deemed to be most impor-
tant.39’uo This report includes additional calculations of the internal
and external exposure due to consumption of contaminated fish and exposure

to the buildup of radionuclides in Clinch River water systems.

7.4,1 Contaminated Fish

Fish that feed in the Clinch River and Tennessee River downstream
from White Oak Creek assimulate some of the radionuclides released to the
river system. Since fish is a dietary staple, radionuclides in the fish
will contribute to the total dose received. Parker showed that a cata-
strophic release of radionuclides from the biota of the Clinch River systenm
is quite unlikely; the total inventory of radionuclides in the biota is

b1

estimated to be less than 1 curie,
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The data on radionuclide concentration in fish, used to estimate the
dose that man may receive, was developed by the Subcommittee on Agquatic

ho-L7

Biology, Clinch River Study Steering Committee. Fish were collected

during various seasons for the period, 1960 to 1962, and were processed
to approximate, in so far as possible, normal human utilization.hs’u7
Bottom feeders (carp, carpsucker, and buffalo) were processed either by
grinding the flesh and bones together (total analyses) or by removing the
flesh after cooking (flesh analyses). Sight feeders (white crappie,
bluegill, white bass, largemouth bass, sauger, drum, and catfish) were
processes by removing the flesh after cooking. For this analysis, cat-
fish are included with the sight feeders, since only the flesh of the
catfish was processed. Another fish sampling program was completed May
1963, but analytical results were not available for inclusion in this
report.

Not all species of bottom feeders and sight feeders were collected
with each sampling program; the number of a particular species collected
varied. Therefore, for this analysis, all bottom feeders are assumed to
be a single sample collected at one time; sight feeders were handled simi-
larly. This assumption precludes any differences in fish due to the time
of collection. That is, information on seasonal variation of such factors
as feeding rates and water content of the flesh and their effect on radio-
nuclide concentrations is unavailable and cannot be considered in the
calculations.

Results of analyses of fish collected from the Clinch and Tennessee
rivers are listed in Tables 27 and 28, respectively. Average values are
given for the four principal nuclides detected (Srgo, Csl37, Ru106, and
0060); variation of the averages is indicated by the standard error of
the mean. Standard errors do not appear where fish were composited before
analyses. Bottom feeders are listed by species, since information is
avallable on the quentities of these fish harvested commercially from

Watts Bar Reservoir and from East Tennessee (Table 29). Information on

sight feeders harvested is meager in comparison and does not warrant anal-

yses by species. Only sport fishing routinely takes place on the Clinch
River.
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Table 28. Concentration of Radionuclides in Flesh of Tennessee River Fish
(bpe/kg, fresh weight)

Fish

Species Sr9o Cs137 Ru106 Co60
Carp (13)% 120 + 33 (1) 180 % 55 (1k) 80 * 27 (1L) 71 * 17
Carpsucker (10) 99 = 28 (10) 130 + 27 (10) 69 + 23 (10) 62 = 18
Sight feeders’ (o) 250 (2k) 170 (24) 48 (24) 66

®parenthetical values are number of fish analyzed.,

bSight feeders include white crappie, bluegill, white bass, large-
mouth bass, sauger, and drum; catfish also included.

Table 29. Commercial Fish Harvest from Watts Bar Reservoir
and East Tennessee

(pounds, fresh weight)

Smallmouth
Location Carpsucker Carp Buffalo
Watts Bar Reservoir 15,600 23,700 161,000
East Tennessee 61,700 135,000 327,000
Fish dilution factor™ 3.95 5.70 2,03

pounds of East Tennessee fish

a_. . . _
Fish dilution factor = pounds of Watts Bar fish
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Average values are observed to vary by factors ranging from about 2
to 5 between fish types from the same river; similar variations occur
between fish of the same type but from the two rivers. A peculiar dif-

90

ference is noted in Sr concentrations in sight feeders; the average
concentration in Tennessee River fish is about 50% larger than Clinch
River fish. At present there is no explanation for these differences.
Four carpsuckers, collected at CRM 19.6, contained sufficient radionu-
clides to audioradiograph. This is typical of fish that have spent con-
siderable time in White Oak Creek (or White Oak Lake).h8 Inclusion of
these fish in the analysis can be seen to increase significantly the aver-
age concentration of radionuclides.

An estimate is made of man's intake of radionuclides by assuming an
annual rate of fish consumption of 37 lb.h9 This rate of fish consumption
applies to commercial fishermen and, as a result, would estimate the in-
take of an admittedly high-exposure group. Data on the quantity of spe-
cific types of fish consumed and method of preparation is not available,
Thus calculations made are based on the annual consumption of 37 1b of
bottom feeders, considering both the total fish and the flesh, and con-
sumption of 37 1b of sight feeders, considering only the flesh. The
fraction of the various species of bottom feeders caught is assumed to
be distributed according to commercial harvests from Watts Bar Reservoir,
Estimates of the anmual intake of specific radionuclides by consuming
Clinch River or Tennessee River fish are given in Tables 30 and 31, re-

S0

spectively. A very noticeable increase in Sr intake is observed when
consumption of bottom feeders (total fish) is considered. This signifi-
cantly larger intake is due to the concentration of Srgo by the bones of
the fish, all of which are assumed to be eaten. Consumption of 37 1b of
"fishburgers" each year is certainly an overestimate and unnecessarily
conservative. However, without better data of fish consumption, it is
impossible to arrive at a more reasonable value of intake.

Radionuclide intake by the general population is likely to be influ-
enced by all fish harvested in East Tennessee, in addition to the differ-

ences in radionuclide content among species of bottom feeders. Applying

the fish dilution factor (bottom feeders) for East Tennessee fish (Table 29),

annual intakes were recalculated, and results are given in Tables 30 and
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3&% of the MPI may be attained as a result of consuming bottom feeders
(total fish) from the Clinch River. Strontium-90 is responsible for almost

the entire bone dose.

Table 33, Estimated Percentage of Maximum Permissible Intake That Man
May Attain by Consuming Flesh of Tennessee River Fish

Critical Organ

Fish

Species Bone Total Body GI Tract Thyroid
Bottom 7.2 £ 1.4 .2 £ 1.2 0.11 # 0.01k 0.55 * 0,084

feeders

Bottom b 1.5 + 0.28 1.3 £ 0.24 0.021 % 0.0026 0,11 * 0.017
feeders

Sight 16 1k 0.11 0.83
c
feeders

8pottom feeders include carp and carpsucker.
bIntake adjusted by fish dilution factor, Table 29.

cSigh'b feeders include white crappie, bluegill, white bass, large-
mouth bass, sauger, and drum; catfish also included.

Considerably more information would be required to estimate the dose
received due to past events., For example, desired information would in-
clude at least: (1) rate of transfer of radionuclides from water to fish
(flesh and bone) as a function of radionuclide and stable element concen-
tration, fish age, and season of the year; (2) rate of transfer of radio-
nuclide from bone to flesh while cooking; and (3) type and quantity of
fish consumed, method of fish preparation, and dietary habits of individ-
uals as a function of age. Current research suggests that the concentra-

90

tion of Sr in the flesh of white crappie reaches equilibrium rapidly with
the water.sl Such information lends itself to answering in part the ques-
tions raised by (1) above and extension of these studies will enhance the
ability to estimate doses to man due to past events.

An interesting calculation is made based on the Sr90 content of the

four carpsuckers previously mentioned. The combined weight of flesh and
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whole fish (flesh and bone) for the four carpsuckers was 0.51 kg and

20 concentration of flesh was 500 uuc/kg and

0.83 kg, respectively; the Sr
of whole fish was 43,000 uuc/kg. An individual eating the four fish could
have attained 0.3% of the MPI (bone) from the flesh and 44% of the MPI
(bone) from the whole fish. Although such an event is unlikely, it seems
appropriate to reduce further the probability of its occurrence. Such
reduction is possible by preventing fish from leaving the controlled area
of White Oak Lake and preventing fish from feeding in the stretch of White

Oak Creek extending from White Oak Dam to the Clinch River.

T.4.2 Radionuclide Concentration in Water Systems

The presence of radionuclides in the raw water entering a water treat-
ment plant may create, through processes of concentration, an external or
internal dose problem, Three water systems that use Clinch River water as
a source of supply were investigated. The Osk Ridge Water Plant has its
raw water intake at CRM L4l1.5, well above the confluence of White Oak Creek
and the Clinch River. The other two water treatment plants - the Sanitary
Water Plant serving the Oak Ridge Gaseous Diffusion Plant (ORGDP) and that
serving the Kingston Steam Plant - have water intakes at CRM 14 and on the
Emory River near CRM k.4, respectively. The water treatment plants are
basically similar, differing only in design details, Treatment processes
include: prechlorination for algae control; coagulation with alum, soda
ash (as dictated by raw-water alkalinity), and occasionally coagulant aids,
for turbidity removal; settling; filtration (either sand or anthracite);
and postchlorination for disinfection. Activated carbon is used when unde-
sirable taste and other problems occur. Water used in boilers is treated
further by zeolite softeners.

The investigation consisted of external radiation surveys, with a
scintillation-type survey meter (calibrated with radium), and collection
of samples of sludge from settling basins, condensers, hot water heaters,
boilers, air conditioners, and an elevated tank; samples of sediment from
filters and cores of filter media; and samples of zeolite softener regen-
erant and the softener media. Results of the analyses are incomplete and

will be reported later.
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3)l. A significant reduction in radionuclide intake is observed, ranging

from factors of about 2 to L.

Table 31. Estimated Annual Intake of Radionuclides by Assumed
Consumption of Flesh of Tennessee River Fish

(ZLO_3 ue/year)

Fish

Species Srgo 05137 Ru.l06 0060

Bottom 1.9 * 0.38 2.7 * 0.59 1.3 * 0.31 1.1 % 0.21
feeders

Bottom 0.39 £ 0.075 0.53 £ 0.11 0.26 * 0.062 0.23 * 0.043
feeders

Sight 4.3 2.8 0.81 1.1
feeders

®Bottom feeders include carp and carpsucker.
bIntake adjusted by fish dilution factor, Table 29.

cSight feeders include white crappie, bluegill, white bass, large-
mouth bass, sauger, and drum; catfish also included.

A maximum permissible intake (MPI) is calculated by assuming a daily
intake of 2.2 liters of water containing the maximum permissible concen-
tration (MPC) of the radionuclide of interest. Values used for MPC are
discussed at length elsewhere.50 A1l MPCW values used for data relating
to the Clinch River are taken as one-tenth of the occupational MPCW values
for continuous exposure recommended by ICRP and NCRP. To obtain MPCW
values relating to the Temnessee River, the MPCW for continuous occupa-
tional exposure has been reduced by a factor of one-hundredth for whole
body as critical organ and by one-thirtieth with thyroid, bone, and gastro-
intestinal tract as the critical organs. Using the estimated intakes
(Tables 30 and 31), it is possible to calculate the fraction of MPI at-
tained for the various critical organs as a result of eating contaminated

fish (Tables 32 and 33). Estimates indicate that bone of the postulated

high-exposure group may receive the largest dose; on the average, 28 to
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Estimated Percentage of Maximum Permissible Intake
That Man May Attain by Consuming Clinch River Fish

Fish
Species

Critical Organ

Bone

Total Body

GI Tract

Bottonm
feeders
(flesh)

Bottom a
feeders
(total)

Bottom o
feeders
(flesh)

Bottom
feeders
(total)

Sight
feeders
(flesh)

6.1 * 1.6

28 £ L.,5
(34)e

2.k £0.75

9.5 £ 1.1
(12)

3.8 £ 1.7

2.k 0.33

1.0 = 0.4k

0.072 = 0.0081

0.1% % 0,01k
(0.15)

0.03 % 0.0039

0.053 * 0.0047
(0.0058)

0.071 £ 0,012

0.48 % 0.051
(0.57)

0.31 + 0.080

a

b

Bottom feeders include carp, carpsucker, and buffalo.

Total fish consist of flesh and bone.

cIntake adjusted by fish dilution factor, Table 29.

dSight feeders include white crappie, bluegill, white bass, largemouth
bass, sauger, and drum; catfish also included.

e

Parenthetical values include four carpsuckers (composited) collected

at CRM 19.6.
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At the time of the surveys, various amounts of water had been treated
since the settling basins had last been cleaned or filters backwashed
(Table 34). Thus, there was variation in the amount of sludge accumulated
in the settling basins or sediment accumulated on the filters. Results of
the external radiation survey are summarized in Table 35. Generally, there
was little difference noted in dose rates at different units of the plants.
Any increase in dose rate above background levels (referenced to the Oak
Ridge Water Treatment Plant) was, with one exception, undetectable. At a
distance of 2 in. above a partially drained filter at the Kingston Steam
Plant supply, a dose rate of 0.021 mr/hr was detected. The dose rate re-
mained the same after the filter was backwashed. It is likely that the
anthracite filter is to some extent concentration radionuclides by ion
exchange; this is currently being investigated by laboratory studies. The
dose rate above the filters (0.015 mr/hr) of this supply is also influenced
by the natural radioactivity present in the shale block used for construc-

tion of the building walls.

Table 34, Operational Data of Water Treatment Plants

Volume Througha Volumea Sludge in
Flocculator and  Through Settling Plant
Settling Basin Filter Basin Capacity
System (gal) (gal) (£+3) (gal/day)
Oak Ridge 1.1 x 109 1.8 x lO6 2 x th 22 x lO6
water plant
8 6 3 6
ORGDP 5.4 x 10 h,5 x 10 6 x 10 Yy x 10
Kin 6 > —_—— 5
gston 1.9 x 10 3.7 x 10 5.7 x 10

steam plant

8YVolume through flocculator, settling basin, and filter since
last cleaned.
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Table 35, Measurements of Tonizing Radiation
In Water Treatment Plants (mr/hr)2

6 in. Above

Ground Settling Water in
Systenm Surface Flocculator Basin Settling Basin Filter
Oak Ridge 0.016 0.013 0.012 0.0097 0.0095
water plant
ORGDP 0.017 0.011 0.012 0.0092 0.0092
Kingston 0.015 0.0083 0.0087 ———— 0.015

steam plant

#M11 measurements (except as noted) were made 3 ft above the walk-
ing surface of the particular component of the treatment plant.
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8. TFUNDAMENTAL STUDIES OF MINERALS

T, Tamura
8.1 Desorption of Trace Amounts of Cesium from Minerals

Desorption tests performed on naturally contaminated sediments and

52

reported in the previous quarterly” showed that cesium is resistant to
most leaching agents, including concentrated salt solutions and concen-
trated acids. To determine which mineral might be responsible for the
strong retention of cesium, desorption tests were carried out on minerals
that had been contaminated in a manner similar to the sediment; hence,
the minerals were contacted with tap water containing only trace level
of 05137.

dried. A O.l-g sample was then treated with 1 M sodium acetate for 24 hr

After seven days' contact, the minerals were washed and air

and the desorption determined; the sodium acetate was decanted, and 1M
Hl\IO5 was added and the desorption determined for the acid treatment.

The results of these desorption tests are shown in Table 36. Three
relatively distinct group responses are observed. Both kaolin and mont-
morillonite release their cesium to sodium acetate; in 24 hr, kaolin re-
leased 83.#%, and montmorillonite released 90.3%. The lower percentage
release in the acid medium for these minerals is due to the prior removal
in the sodium acetate treatment. These two minerals also show another
interesting difference from the other minerals: The percentage desorbed
after 24 hr with sodium acetate is higher than after only 1 hr of contact,
whereas, with the other minerals, a marked decrease is noted in the amount
of cesium released with the longer contact time.

Both vermiculite and biotite show similar response, particularly in
the 1 M HI\TOB. InlM HZNO3
98.0%. The nearly complete removal of cesium by the acid treatment of

vermiculite released 87.6%, and biotite released

these two minerals is a reflection of their instability in acids. Both
vermiculite and biotite are trioctahedral micas, which corresponds to three
ions in the octahedral layer, and they contain appreciable ferrous iron

in their structure. The iron is attacked by the acid and is released by
the mineral; essentially, then, this is a decomposition process, and re-

lease of cesium is to be expected. The four minerals that show a decrease
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in the cesium released in 1 M sodium acetate with the longer contact time
have one structural feature in common. These minerals all possess a c-axis
spacing of 10 A, (Vermiculite is 14 A, but 50% of the material is a 10-A
mica.) It appears then that when the cesium was sorbed from a tap-water
system, a portion of the cesium was held in the more readily exchangeable
sites which on contact with 1 M sodium acetate were released. With longer
contact, however, a portion of the released cesium moves into a more se-
lective and retentive site. This type of site has been previously de-
seribed as an "edge site" by the author and has led to some confusion.
These edge sites are believed to be located in the clay but at the periphery
of the crystallite; these sites are a part of the sites referred to as in-
terlayer sites. The accessibility of the interlayer sites depends on the
interlayer spacing. If the interlayer spacing is large (14-A c spacing
minus 9.3-A silicate layer = k4,7-A interlayer spacing) such as with mont-
morillonite, the ions located in the center of the crystallite and at the
edges of the crystallites are all readily exchangeable. If the interlayer
spacing is small (10 A minus 9.3 A = 0.7 A), the ions located in the center
and the edges are difficult to remove; the sites at the edges do prefer
cesium, and cations located there enter into exchange reaction with cesium.
Tn addition to the interlayer sites, attraction for ions exist on the
external surface due to "broken bonds" such as with the mineral kaolinite;
these sites are generally readily exchangeable, and, though they prefer
cesium ions, they do not show extremely high selectivities. Evidence exists
that if the c spacing of kaolinite can be increased from 7.2 A to 10 A,
selectivity for cesium is greatly enhanced.53

The third group of minerals in these experiments is the illite-musco-
vite group. These two minerals resist acid attack, and the total cesium
released by the sodium acetate and nitric acid treatments is 31.8% for
illite and 57.8% for muscovite. These two minerals differ from biotite
and vermiculite in atomic arrangement in the octahedral layer. Illite
and muscovite are dioctahedral; that is, they contain two aluminum ions
in the octahedral layer.

The measurement of over 100% desorption in several cases reflect
errors in the method of testing. The possible cause of the error is the
difference in efficiency of counting 0.1 g of solid and 1 ml of solution;

the counts were used to calculate the desorption percentage.
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These experiments are being continued in order to establish the influ-
ence of longer contact time during sorption. It is believed that with
longer contact time, more of the cesium will diffuse from the edge sites
deeper into the interlayer sites of the 10 A minerals; and desorption tests

should reveal a lower removal of cesium from these minerals.

8.2 Ion Exchange Behavior of Vermiculite with Cesium

Vermiculite is often suspected to be the "fixer" of cesium ions, since
the well-known potassium fixation reactions are associated with this mineral.
Investigations here showed that the same potassium fixation mechanism can
be demonstrated with respect to cesium. The response observed in this type
of fixation is shown in Fig. 49 (natural material). The increasing Kd
(increasing sorption) with increasing cesium ion concentration reflects
the change in the lattice of vermiculite as more cesium is sorbed. The
initial decrease in the Kd is due to the high sodium concentration of the
solution (0.1 M NaCl), which requires a minimum cesium concentration in the
solution to overcome the influence of the sodium ions.

If the vermiculite is treated with sufficient potassium ions to induce

the lattice change ascribed above +o cesium, then the K. is not expected

to show an increase with increasing cesium concentratiog, since the factor
responsible for this mode of fixation is inoperative., In this case the

Kd decreases, as shown in the curve of Fig. L9, labeled "potassium satur-
ated."”" The increased Kd for this potassium-saturated vermiculite in the

low cesium concentrations is due to the formation of the favorable struc-
ture with potassium, which exchanges with the cesium. This mechanism is

to be contrasted with the natural material, which is sorbing cesium directly
during the formation of the collapsed structure.

The curve labeled "cesium saturated" not only illustrates the reduced
sorption of cesium but illustrates the case for a relatively constant Kd
over a range of cesium concentration. These curves were shown earlier for
different minerals; however this is the first demonstration of the three
types of curve by a single material. The "potassium saturated" curve is
similar to those obtained for heated montmorillonite, illite, and micas;

the "cesium saturated" curve was also shown by kaolinite and montmorillonite.
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9. WHITE OAK CREEK BASIN STUDY*

9.1 Evaluation of Fission-Product Distribution and Movement
In and Around Chemical Waste Seepage Pits 2 and 3

T. . Lomenick

9.1.1 General

The area in and around the million-gallon chemical waste seepage
pits 2 and 3 contains an estimated 180,000 curies of 05137, 40,000 curies

of Sr9o, about 10,000 curies of Ru106, and lesser amounts of the rare

earths, RuloB, Sr89, Co6o, CslBu

, and Zr-Nb95. Previous investigations
described the movement of ruthenium in and around the site;su however,
little is known about the behavior of cesium and strontium in the pit
area, except that it is apparently concentrated relatively close to the
pit walls, since such small amounts have been found in the monitoring
wells zbout the area., The recent abandonment and subsequent filling of
the pits provided an opportunity to investigate, in much greater detail,
the nature and extent of fission-product migration from the pits, espe-

20 and 03137.

cially of Sr The study of migration was not possible earlier
because of the high-radiation field in the area. The primary objectives
of this study are (1) to determine the quantity and distribution of the
various radionuclides within the area, (2) to determine the degree of fix-
ation of the activity on the shale that underlies the site and in the
sludge and precipitates within the pits, and (3) to predict the future
effects of ground water on the waste.

At ORNL, intermediate-level liquid waste is disposed of through a
system of seepage pits dug in the Conasauga shale formation. This method
of disposal allows the waste solution to seep slowly through the ground,

while most of the radioactive materials are retained by the shale. The

*This project, entitled, "Envirommental Radiation Studies: Evalua-
tion of Fission Product Distribution and Movement in White Oak Creek
Drainage Basin " (AEC Activity 060501), is supported by the U. S. Atomic
Energy Commission"s Division of Biology and Medicine. All other projects
covered in this report are supported by the Division of Reactor Develop-
ment (AEC Activity OL6L0011).
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discharge of large quantities of contaminated waste water to seepage pits
began in 1952 with the construction of waste pit 2. Three years later
waste pit 3 was put into operation, and eventually four additional ones
were opened. Pits 2 and 3 formerly had the shape of a frustum of an in-
verted rectangular pyramid, with dimensions of 200 ft by 100 ft by 15 ft
in depth. To prevent animals from getting to the waste water, the pits
were covered with a galvanized iron screen. In addition to the several
million gellons of liquid waste pumped to these pits, large quantities of
sludge or precipitate of illitic clay and calcium carbonate from the low-
level waste treatment plant were routinely dumped into pit 3 and to a
lesser extent into pit 2.

With construction of covered seepage pits 5, 6, and 7, waste pits 2
and 3 were abandoned and subsequently filled in 1962. Weathered shale
containing many thin limestone lenses was the principal fill material.
However, a few hundred steel barrels of solid waste were dumped into each
pit, and, in addition, the galvanized iron screen that covered the pits
and their supporting posts were pushed into the holes. During filling of
the pits, it was observed that the soft sludges and precipitates in the
bottom of the pits were not being covered by the fill, but were being
squeezed into the still uncovered portion of the pit. It was necessary
to use wooden siding and other debris to cover the sludge and thus prevent

its upward movement,

9.1.2 Quantity and Distribution of Radionuclides in the Area

Due to the nature of the waste pit enviromnment, some unique problems
were encountered in obtaining representative samples of the contaminated
materials, The metal drums, wire mesh nets and their supporting posts,
lumber, and other miscellaneous fill debris in the pits pose special drill-
ing problems. It is also difficult to obtain cores with a single sampling
device from the weathered and unweathered portions of the Conasaugs shale,
as well as from the loose, fill material in the pits, sludge from the low-
level waste water treatment plant, and accumulated precipitates from the
waste water. The high degree of contamination of the sludge and weathered

shale further complicates the sampling.

- e aa Cm i m U e L AN A eI R, . ey
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A preliminary series of cores was taken in and around the two waste
pits to determine the effectiveness of conventional sampling equipment and
methods for obtaining representative samples of the various types of rock
and fill materials. In addition, a sufficient number of cores were taken
and analyzed to grossly delineate radioactivity concentrations on the soil
and materials in and around the pits. A sketch map of a portion of the
waste pit area, showing the sample locations, is presented in Fig. 50,

Due principally to the still relatively high radiation field in the vicin-
ity of waste pit 2, which reduced considerably the allowable working time,
fewer samples were taken in that area. The depth of sampling at the vari-
ous locations varied from 6 to 32 ft. Split-barrel assemblies were used
to recover samples of the fill material and weathered shale, while thin-wall
tubes were used to sample the soft sludges and precipitates. A series "m"
core barrel with diamond bit, with water as a drilling filuid, was used for
coring the deeper unweathered shale. Some difficulty was experienced with
collapse of the side walls of the holes in the fill material and soft
sludges, but the greatest disadvantage to this method of sampling was the
Very poor core recovery obtained by the series "m" core barrel in zones of
alternating hard and soft shale,

Radiochemical analyses of sections of the cores indicate that appar-
ently most of the activity which is largely cesium and strontium is asso-
clated with the soft sludges and precipitates and the first few inches of
weathered shale on the side walls and bottoms on the pits. Also, the
sludges and precipitates are not evenly distributed over the bottoms of the
pits but have accumulated in irregular shaped pockets. A cross sectional
view of waste pit 2, showing the areas of high activity concentrations and
the distribution of sludge within the pit, is presented in Fig. 51. It is
noted in well 3 that the sludge is about 10 ft thick and is within 4 ft of
the ground surface, while no sludge was found in hole 11 in the center of
the pit. This is due to the highly mobile state of the sludge, which al-
lowed it to be pushed ahead of the fill material until it was confined by
timbers and eventually covered. On a dry-weight basis, concentrations of

os 27 D ere as high as 96 pe/g and 17 pc/g, respectively, in the

and Sr
sludge, and 3 uc/g and 0.2 uc/g in the weathered shale on the side walls

and bottoms of the pits. There appears to be little difference in the
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concentrations of activity found on the sludge and weathered shale in the
two pits, although the quantity of sludge in waste pit 2 is considerably
less than that in pit 3.

The alternating hard and soft shale sequence immediately below the
bottom of the pits could not be cored satisfactorily with the drilling
equipment used, and, as a consequence, incomplete data was obtained on
the quantity and distribution of activity beneath the pits. However, some
information on the downward migration of the radionuclides was obtained
from boreholes that penetrated the softer and more easily sampled side
walls of the pits. For boreholes 10 and 14 it was found that the concen-
trations of cesium and strontium on the shale were about 100 times greater
at the former surface of the wall than at distances of 2 ft below the for-

mer surface of the wall.

9.2 Hydrology of White Oak Creek Basin

W. M. McMaster ¥ R. M. Richardson¥

A series of water samples was collected from White Oazk Creek and from
sources contributing radioactive contaminants directly to the stream on
September 19, 1963, in order to measure gains or losses in specific radio-
nuclide load as a labeled mass of water moved downstream. The sampling
was done during a period of low base-flow conditions.

A mass of White Oak Creek water was labeled for identification by
pouring a quantity of dye directly into the stream about 200 ft above the
outfall of the effluent from the Process Waste Water Treatment Plant
(PWWTP). This procedure was repeated at each source on the accompanying
map (Fig. 52) and at other downstream points as the mass of dyed water
passed.

As shown in Fig. 53, the stream load of each radionuclide changed
considerably as the water moved, increasing downstream to the old inter-
mediate-pond dike, then decreasing by the time it reached sampling point 7.

Sr9o

At point 8, water content of total rare earths, , and Co60 increased

significantly. This increase 1s probably due to seepage into White Oak

#0n loan from Water Resources Division, U. S. Geological Survey.
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Creek of contaminated ground water originating at the east drainage stream
of the chemical waste pits.55

Results of analyses of the samples collected from the PWWTP effluent
and from the sewage treatment plant effluent showed that the sewvage efflu-

90

ent was contributing more Sr than the process waste water effluent. On
the basis of a discharge of 100,000 gal per day, the sewage effluent would
have contributed a total of 542 pc/day, whereas the PWWIP, on the same basis,
would have contributed 460 pc/day. Lomenick56

study in 1961 that the mean concentration of Sr90 in the sewage treatment

found during an eight-month

plant effluent was 1.7 x lO-6 uc/cc, slightly higher than the concentration
sampled September 1963.

Prior to the test, an attempt was made to measure small increments of
discharge in White Oak Creek for the purpose of accurately computing radio-
nuclide loads at points in the stream. The dilution method was used with
Rhodamine B dye as a tracer. The dye was injected into the stream at a
constant rate at a point about 200 £+ upstream from the PWWTP effluent for
a total of 3.5 hr, in order to allow a plateau of dye concentration to be-
come established throughout the stream. WNear the end of the injection
period, water samples were collected at several points along the channel;
dye concentration was then read by fluorometer, and the discharge was com-
puted for each sampling site by the dilution formula. Discharge values
obtained from samples collected between the injection point and the sewage
effluent were acceptable, but below the sewage effluent computed discharge
values became increasingly too large with distance. Later, a short experi-
ment showed that Rhodamine is extremely sensitive to free chlorine. Tt is
thought that sufficient free chlorine enters White Oak Creek in the sewage
effluent because of decomposition of part of the dye, precluding the use
of dyes in the stream for quantitative measurements. The discharges on
which the radionuclide loads were based were interpolated between points
of known discharge in the stream.

During the week of October 21, water-level measurements were made in
the wells in White Oak Creek Basin, during the period of lowest water sur-
face for the 1963 water year, for the purpose of constructing a low-water-

surface map of White Oak Creek Basin,
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